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Aims and Scope 


Florentin Smarandache generalize the soft set to the hypersoft set by 
transforming the function F into a multi-argument function. This extension 
reveals that the hypersoft set with neutrosophic, intuitionistic, and fuzzy set 
theory will be very helpful to construct a connection between alternatives 
and attributes. Also, the hypersoft set will reduce the complexity of the case 
study. The Book “Theory and Application of Hypersoft Set” focuses on 
theories, methods, algorithms for decision making and also applications 
involving neutrosophic, intuitionistic, and fuzzy information. Our goal is to 
develop a strong relationship with the MCDM solving techniques and to 
reduce the complexion in the methodologies. It is interesting that the 
hypersoft theory can be applied on any decision-making problem without 
the limitations of the selection of the values by the decision-makers. Some 
topics having applications in the area: Multi-criteria decision making 
(MCDM), Multi-criteria group decision making (MCGDM), shortest path 
selection, employee selection, e-learning, graph theory, medical diagnosis, 
probability theory, topology, and some more. 


(Editors) 
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An Inclusive Study on Fundamentals of Hypersoft Set 


Muhammad Saeed!, Atiqe Ur Rahman2*, Muhammad Ahsan}, Florentin Smarandache* 
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Abstract: Smarandache developed hypersoft set theory as an extension of soft set theory, to 
adequate the existing concepts for multi-attribute function. In this study, essential elementary 
properties e.g. not set, subset, absolute set, and aggregation operations e.g. union, intersection, 
complement, AND, OR, restricted union, extended intersection, relevant complement, restricted 
difference, restricted symmetric difference, are characterized under hypersoft set environment with 
illustrated examples. New notions of relation, function and their basic properties are also discussed 
for hypersoft sets. Moreover, matrix representation of hypersoft set is presented along with 
different operations. 


Keywords: Hypersoft Set, Hypersoft Relation, Hypersoft Function, Hypersoft Matrix. 


1. Introduction 


The theories like theory of probability, theory of fuzzy sets, and the interval mathematics, are 
considered as mathematical means to tackle many intricate problems involving various 
uncertainties in different fields of mathematical sciences. These theories have their own 
complexities which restrain them to solve these problems successfully. The reason for these hurdles 
is, possibly, the inadequacy of the parametrization tool. A mathematical tool is needed for dealing 
with uncertainties which should be free of all such impediments. In 1999, Molodtsov [1] 
introduced a mathematical tool called soft sets in literature as a new parameterized family of 
subsets of the universe of discourse. In 2003, Maji et al. [2] extended the concept and introduced 
some fundamental terminologies and operations like equality of two soft sets, subset and super set 
of a soft set, complement of a soft set, null soft set, absolute soft set, AND, OR and also the 
operations of union and intersection. They verified De Morgan's laws and a number of 
other results. In 2005, Pei et al. [3] discussed the relationship between soft sets and 
information systems. They showed the soft sets as a class of special information systems. In 2009, 
Ali et al. [4] pointed out several assertions in previous work of Maji et al. and proposed new notions 
such as the restricted intersection, the restricted union, the restricted difference and the extended 
intersection of two. soft sets. In 2010, 2011, Babitha et. al. [5,6] introduced 


Theory and Application of Hypersoft Set 2 


concept of soft set relation as a sub soft set of the Cartesian product of the soft sets and also 
discussed many related concepts such as equivalent soft set relation, partition, composition 
and function. In 2011, Sezgin et al. [7], Ge et al. (|. Fuli (9| gave some modifications in the 
work of Maji et al. and also established some new results. In 2020, Saeed et al. performed 
an extensive inspection of the concept of soft elements and soft members in soft sets. Many 
researchers developed certain hybrids with soft sets to get more generalized results for 
implementation in decision making and other related disciplines. In 2018, Smarandache 
introduced the concept of hypersoft set as a generalization of soft set. 

In this paper, some essential fundamentals (i.e. elementary properties, set theoretic operations, 
basic laws, set relations, set function and matrix representation) are conceptualized under hy- 
persoft set environment. The rest of this article is structured as follows: Section 2 gives some 
basic definitions and results on hyper soft sets. Section 3 presents elementary properties of 
hypersoft sets. Section 4 describes set theoretic operations of hypersoft sets. Section 5 pro- 
vides some basic properties, results and laws on hypersoft sets. Section 6 discusses hypersoft 
relations and hypersoft functions. Section 7 presents the matrix representation of hypersoft 
sets with some operations. Section 8 presents some hybrids of hypersoft sets and then last 


section 9 concludes the paper. 


2. Preliminaries 


Here we recall some basic terminologies regarding soft set and hypersoft set. Throughout 


the paper, U/ denotes the universe of discourse. 


Definition 2.1. 
A pair (Cs, A) is called a soft set over U, where Cs : A— P(U) and A be a set of attributes of 
U. 


Definition 2.2. 
A soft set (¢s,,A1) is a soft subset of another soft set (¢s,, Ag) if 


(i) Ay Cc Ao, and 
(ii) ¢3,(w) C Cs, (w) for all w € Ay. 


Definition 2.3. 
Union of two soft sets (¢s,,A1) and (¢s,, Az) is a soft set (C5,,A3) with Ag = Ay U Ag and for 
w € As, 
C3, (w) w € (Ay \ Ag) 
C53 (w) = C5. (w) w € (Az \ Ai) 
G5; (w) UCs,(w) — w € (Ar N Ad) 
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Definition 2.4. 
Intersection of two soft sets (¢s,,A1) and (¢s,, Ag) is a soft set (Cg,,A3) with Az = Ay M Ag 
and for w € As, 


Cs3(w) = Cs, (w) 9 Cs, (w) 


For more details on soft set can be found in 


3. Hypersoft Set (HS-set) 


In this section, some fundamentals of hypersoft set are presented. Some of the definitions 
given in are modified. 


Definition 3.1. 

The pair (WV, G) is called a hypersoft set over U, where G is the cartesian product of n disjoint 
attribute-valued sets G1, Go, G3,....,Gn corresponding to n distinct attributes 91, g2, 93, ----59n 
respectively and VW: G — P(U). The collection of all hypersoft sets is denoted by Qvy.q). 


Example 3.2. Suppose that Mr. X wants to buy a mobile from a mobile mar- 
ket. There are eight kinds of mobiles (options) which form the set of discourse U = 
{m1,m2,m3,™M4,™M5,™M6,™M7,mg}. The best selection may be evaluated by observing the at- 
tributes i.e. aj = Company, a2 = Camera Resolution, a3 = Size, ag = RAM, and as = Battery 


power. The attribute-valued sets corresponding to these attributes are: 


By = {b11, bi2} 
Bp = {b21, b22} 
Bs = {bs1, 632} 
Ba = {bai, baz} 
Bs = {bs1} 


then G = B, x Bo x B3 x Bs x Bs 
G = {91, 92, 93, 94; -----, 916} where each g;,7 = 1, 2,..., 16, is a 5-tuple element. 
The hypersoft set (W,G) is given as 


(91, {m1, M2}) , (g2, {m1, M2,m3}) , (gs, {mM2,™m3,mMa}) , (Ga, (Ma, M5, M6}) 5 
(95,{m6, m7, ms}) , (96, {mM2, m3, ma,™M7}) , (G7, {m1,7™m3,™M5,m6}) , 

(U,G) = (gs, {m2,m3,™g6,™7}) , (go, {M2,7™3,™me,M7,mMs}) , (G10, {7M1, M3, M6, M7, ™Ms}) , 
(g11, {m2, Ma, Me, M7, mMg}) , (G12, {™M1,M2,™M3,™M6,™7,Ms}) , 
(913, {m2,™M3,M5,™M7,Ms}) , (gia, {M1,™M3,™M5,™M7,Ms}) , 
(g15, {m1, m2, m3,mM5,mM7,m~g}) , (gis, {M4,™M5, M6, M7, Mg }) 

Definition 3.3. Let F(U) be the collection of all fuzzy sets over U/. Let aj, a2, a3,....., Qn, 


forn > 1, be n distinct attributes, whose corresponding attribute values are respectively the 
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sets G1, Go, G3,.....,Gn, with G; G; = 0, for i # 7, and i,j € {1,2,3,...,n}. Then a fuzzy 
hypersoft set (Wrns,G) over U is defined by the set of ordered pairs as follows, 


(Wns, G) = {(9, U pns(g)) 1g € G, W phs(g) € F(u)} 


where W f,5 : G — F(U) and for all g € G= Gy x G2 x G3 x ..... x Gn 


WV prs(9) = {How pre(g)(U)/u ? U EU, py p,(g) (4) € [0, HF 


is a fuzzy set over U. 
Above definition is a modified version of fuzzy hypersoft set given in and [23]. 


Example 3.4. Considering the example [3.2| we have 
Fuzzy hypersoft set (Wns, G) is given as 


(g1, {0.1/m1, 0.2/m2}) , (ga, {0.1/m1, 0.2/me2,0.3/m3}), 
(93, {0.2/m2, 0.3/ms3, 0.4/m4}) , 
(ga, {0.4/m4, 0.5/ms5, 0.6/me}) , 
(95, {0-6/mg, 0.7/m7,0.8/msg}) , 
(96, {0.2/meg, 0.3/ms3, 0.4/ma4, 0.7/m7}), 
(97, {0.1/m 1, 0.3/ms3, 0.5/ms5, 0.6/me}) , 
(gg, {0.2/m2, 0.3/m3, 0.6/me, 0.7/m7}), 
(Wyns,G) = 4 (go, {0.2/me, 0.3/ms, 0.6/m¢, 0.7/m7,0.8/ms}) , 
(g10, {0.1/m1, 0.3/ms3, 0.6/me¢, 0.7/m7,0.8/ms}) , 
(g11, {0.2/mg, 0.4/m4, 0.6/me, 0.7/m7,0.8/ms}) , 
(gi2, {0.1/m1, 0.2/ma, 0.3/ms, 0.6/m¢6, 0.7/m7, 0.8/ms}) , 
(913, {0.2/mg, 0.3/ms3, 0.5/ms5, 0.7/m7,0.8/ms}) , 
(914, {0.1/m1, 0.3/ms3, 0.5/ms5, 0.7/m7, 0.8/ms}) , 
(gis, {0.1/m1, 0.2/ma, 0.3/ms3, 0.5/ms, 0.7/m7,0.8/ms}) , 
(gi6, {0.4/m4, 0.5/ms5, 0.6/me, 0.7/m7, 0.8/ms}) 


Definition 3.5. Let (W1,G1), (W2,G2) € Owe) then (Wi, G1) is said to be hypersoft subset 
of (W2, G2) if 

(i) Gy C Go 

(ii) Vg € Gi, Vi(g) S Waly) 


Example 3.6. Considering example [3.2| if 
(W1,Gi) = { (91, {m1 }) , (92, {m1, Ma}) , (ga, {mM2, m3}) \ 
(W2, G2) _ (gi, {771,™m2}) , (g2, {71, M2, m3}) , 


(93, {mo, ™3, ma}) ) (94, {ma, ™5, me}) 
then 


(Hi Gi) (0, Ga) 
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Definition 3.7. A set G = G, x Go x G3 xu... x Gy in hypersoft set (V,G) is said to be Not 
set if it has the representation as 
KG = {Kg1, Kg2, X93, K ga, tenes »K Im} 


where m = nt |G;|, each Kg;,i = 1,2,...,m, is a Not n-tuple element. 
i=l 


Example 3.8. Taking sets G1, Go, G3, G4,,G5 from example 3.2| we have 


KG = {Kg1,Kg2, 93, K ga, seeee x gi6} 
where each «g;,i = 1,2,...,16, is a Not 5-tuple element. 


Definition 3.9. A hypersoft set (V,G,) is called a relative null hypersoft set w.r.t G1 C G, 
denoted by (V,G)a , if Vig) =0,Vg € G4. 


Example 3.10. Considering example [3.2| if 
(U,Gi)o = { (g1.0) (a2, 0). (93.0) } 
where Gi CG. 


Definition 3.11. A hypersoft set (V,G1) is called a relative whole hypersoft set w.r.t Gi C G, 
denoted by (W,Gi)y , if Vig) =U,Vg € Gi. 


Example 3.12. Considering example [3.2| if 


(V,Giu = { (91,4) (92,4) (93,4) } 


where G; CG. 


Definition 3.13. A hypersoft set (V,G) is called a absolute whole hypersoft set over U, 
denoted by (W,G)y , if V(g) =U,Vg EG. 


Example 3.14. Considering example [3.2] if 


(91,4) , (92,4) , (93,4) , (94,4) , 
(95,U) , (96,4) , (97,4) , (98,%4) , 
(99,4) , (910.4) , (911.4) , (912,44) , 
(913,44) , (g14,U) , (915.4) , (916,44) 


Proposition 3.15. Let (Wi, G1), (Wo, G2), (Ws, G3) E OQw,a) with Gi, Go, G3 Cc G then 
(i) (W1,G1) © (U1, Gi)u 
(ii) (W1,Gije S (V1, G1) 
(iii) (Wi, Gi) C (U1, Gi) 
(iv) If (Wi, G1) Cc aw, G2) and (Wo, G2) © (W3, G3) then (Wi, Gi) (Ws, G3) 


(UY, Guy = 
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(v) If (Wi, G1) = (We, G2) and (V2, G2) = (V3, G3) then (Wi, G1) = (V3, G3) 


Definition 3.16. The complement of a hypersoft set (V,G), denoted by (W,G)°, is defined 


as 
(U,G)° = (W°, KG) 
where 
Wo: KG PU) 
with 


W°(Kg) =U \ Vg), Vg EG 


Example 3.17. Assuming data from example [3.2] we have 


(x91, {m3,™M4,™M5,™M6,M7,™Ms}) , (KGa, {M4,™M5,™M6,M7,™Ms}) , 
(Kg3,{™1,M5,™M6,M7,mMs}) , (KGa, {M1,™M2,™M3,mM7,Ms}) , 
(x95, {m1,m2,™m3,ma4,™5}) ,(K G6, {M2, m3, M4, M7}) , 
(U,G)® = (x97, {m2,m4,™M7,ms}) , (Kgs, {™M1,™M4,™M5,™Ms}) , 

(x99, {™m1,m4,™5}) ,(K G10, {M2, M4, M5}) , 
(x g11,{™1,™m3,M5}) ,(K G12, {™M4,™M5}) , 
(xg13, {m1, m4, M6}) ,(K G14, {M2,mMa4,™M6}) , 
( 


g15,{™Ma, M6 }) , (K 916, (71, M2,7m3}) 


Definition 3.18. The relative complement of a hypersoft set (V,G), denoted by (W,G)®, is 
defined as 
(U, G)® = (W*, G) 
where 
w®: Ga PU) 
with 
V*(g) =U\ Ug), V9 EG 


Example 3.19. Assuming data from example [3.2] we have 


(91, {mg3,™Ma,™M5,™M6,™7,Ms}) , (G2, {M4, M5, M6, ™M7,™Ms}) , 
93, {M1,™M5,™M6,™M7, Ms}) , (ga, {™M1, M2, M3, m7, mM~}) , 

95, {7™M1,M2,™M3,™a4,™5}) , (Ge, {M2,™3,™4,™M7}) , 

97, {™M2,Ma,M7,™Ms}) , (gs, {M1,™M4,™M5, Ms}) , 

go, {™1, Ma, M5 }) , (G10, {™M2, Ma, M5 }) , 

gi1,{™1,™M3,™M5}) , (gi2, {mMa,™5}) , 

gi3,{™m1,ma,mMe}) , (G14, {m2, mM, M6 }) , 


915; {ma, me6}) ) (916, {m1, ma, m3}) 


( 
( 
(U,G)® = 
( 
( 
( 


Proposition 3.20. Let (U,G) € Qyy,q) then 
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(i) ((U, G)°)° = (¥,G) 

(ii) ((W, G)*)® = (U,G) 
(iii) ((W1, Gry)? = (V1, Gide = (V1, Gi)y)® where Gy CG 
(iv) ((W1, Gi)e)° = (V1, Gi)u = (V1, Gi)e)® where G, CG 


4. Set Theoretic Operations on Hypersoft Set 


In this section, set theoretic operations i.e. union, intersection, difference, AND, OR etc., 


are discussed under hypersoft set environment. 


Definition 4.1. Union of two hypersoft sets (7,G 1) and (A, G2) , denoted by (7, G1) U(A, G2), 
is a hypersoft set (u,G3) with G3 = G,; UG» and for g € Gs, 
™(g) g € (Gi \ Ga) 
ug) = (9) g € (G2\ G1) 
m(g)UAG) 9g € (GING) 
Example 4.2. Let 
(1, G1) = (91, {™1, M2}) , (g2, {7M1, M2, m3}) , (93, {m2,m3, M4}) \ 


(2, G2) = { (gs, {01 ma}) (ga, {rra,ms, m6}) 5 (gs; {m2,m4,me}) } 
then 


= (91, {™1, M2}) , (g2, {7™M1, M2, m3}) , (93, {M1, M2, m3, ™4}) , 
(LL, G3) = 
(ga, {ma,M5,™m6}) , (G5, {M2, Ma, M6 }) 


Definition 4.3. Intersection of two hypersoft sets (7,G ) and (A, G2), denoted by (7,G 1) M 
(A, G2), is a hypersoft set (,G3) with G3 = G1 G2 and for g € G3, 


L(g) = 7(g) 1 AC). 


Example 4.4. Consider the example [4.2] we have 


(14,G3) = { (gs,{me2}) } 


Definition 4.5. Extended Intersection of two hypersoft sets (1,G) and (A, G2), denoted by 
(17, Gi) Me (A, G2), is a hypersoft set (44,G3) with G3 = G1 U G2 and for g € G3, 
™(g) g € (Gi \ G2) 
u(g) = (9) g € (G2 \ Gi) 
mg)NA(Q) 9g € (GING) 
Example 4.6. Assuming sets given in example [4.2| we have 


(G3) = (91, {1, M2}) , (go, {m1, M2, m3}) , (gs, {m2}), 


(ga, {ma,mM5,™6}) , (G5, {M2, m4, M6}) 
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Definition 4.7. AND-operation of two hypersoft sets (7,G1) and (A,G2), denoted by 
(1,G1) A(A, G2), is a hypersoft set (,G3) with G3 = G, x Gz and for (g;,9;) € G3, gi € 
Gy, 95 € Go, 

(gi; 95) = 7 (gi) U X95). 
Example 4.8. Consider the example [4.2| we have 


Cae hi = (91,93), he = (91, 94) 43 = (91, 95), ha = (92,93), hs = (G2, 94), 
he = (92,95) ,h7 = (93,93), hs = (93,94) ,ho = (93, 95) 


then 
(hi, {771, M}) , (ha, {71, M2,mM4,™M5,™¢6}) , 
(hs, {m1, m2, 174, me }) ’ (ha, {m1, m2, m3}) ; 
(u,G3) = 4 (hs, {m1, m2, m3, m4, M5, M6}) , (he, {m1, m2, m3, m4, m6 }) , 
(hz, {m1, m2, 773, ma}) , (hg, {ma, ™3, 774, 175, me }) , 
( 


hg, {ma, ™3, 174, me6}) ’ 


Definition 4.9. OR-operation of two hypersoft sets (7,G,) and (A,G2), denoted by 
(7,G1) V(A, Ga), is a hypersoft set (44,G3) with G3 = Gy x G2 and for (gj,9;) € G3, gi € 
G1, 9; € Go, 


(98s 95) = ™(gi) OACgs). 
Example 4.10. Considering data from examples and |4.10} we have 


(hi, {m1, m2}) ’ (he, 11) ’ (hs, {m2}) ’ (ha, {m1, m2}) ’ 
(hs, {}) ’ (he, {mz}) ’ (hz, {m2}) ’ (hs, {m4}) ’ (ho, {me, ma}) ) 


Definition 4.11. Restricted Union of two hypersoft sets (7,G,) and (A,G2), denoted by 
(7, G1) UR (A, Go), is a hypersoft set (,G3) with G3 = G1 Gp and for g € Gs, 


(u, G3) = 


u(g) = m(g) UAC). 
Example 4.12. For sets given in example [4.2] we have 
(u, G3) = { (93, {mi, m2,™3, ma}) \ 


Definition 4.13. Restricted Difference of two hypersoft sets (7,G1) and (A, G2), denoted by 
(7,G1) \r (A, G2), is a hypersoft set (u,G3) with G3 = G1, M G2 and for g € Gs, 


u(g) = m(g) — A(9). 
Example 4.14. For sets given in example [4.2| we have 


(u,Gs) = { (gs, {ms,ma}) } 
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Definition 4.15. Restricted Symmetric Difference of two hypersoft sets (x,G1) and (A, G2), 
denoted by (7,G 1)A(A, G2), is a hypersoft set (u,G3) defined by 


(1, Gs) = { ((#, Gi) Ur (G2) \r ((#, G1) NA, G2)) } 


or 


(G's) = { ((7,G1) \v (AG) Ur ((A,G2) \r (G1) $ 
Example 4.16. For sets given in example [4.2] we have 
((m, Gi) \w (AG) = { (gs. {ng,ra}) $ 


and 
((A, G2) \r (m1) = { (as. {rma}) } 
then 
(u,Gs) = { (9s, rm1, m3, ma}) } 


5. Basic Properties and Laws of Hypersoft Set Operations 


In this section, some basic properties and laws are discussed for hypersoft set theoretic 


operations. All hypersoft sets in Q(y,g) satisfy the following properties, results and laws. 


(a) Idempotent Laws 
(ii) (Y,9) WG) = (HG) = (YU, 9) Ne (HG) 
(b) Identity Laws 
(i) (Wy, G) (Wy, G)e — (w,G) = (W,G) UR (wy, G)o 
(ii) (W, G) a (Wy, G)u = (w,G) = (W,G) Me (uy, G)u 
(iii) (VY,9) \r UW, G)o = (¥,9) = (~, Gav, Go 
(iv) (YG) \r WG) = (¥, Go = (UG) av, 9) 
(c) Domination Laws 
(i) WAUW,9)u = (,9)u = (WG) UR (W,9)u 
(ii) (w,G) a (wv, G)e — (W,G)e aa (w,G) Me (wv, G)e 
(d) Property of Exclusion 


(W, G) U (w, G)® = (w, G)u = (Wy, G) UR (W, Gg)” 


C 


(e) Property of Contradiction 
(w,G) a (~,G)® = (v,G)o —= (W, G) Me (~,G)* 
(f) Absorption Laws 


(i) (G G1) U ((¢, G1) a (€,92)) = (G G1) 
(ii) (G; Gi) a ((¢, G1) U (€,92)) a (G Gi) 
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(iii) (¢, G1) Ur ((6, 91) Me (€, G2)) = (6,91) 
(iv) (¢, G1) Ne ((6, Gi) UR (E, G2)) = (6,91) 
(g) Commutative Laws 
(i) (C,G%1) U (€, Ge) = (€,G2) U (6, G1) 
(ii) (C, G1) Ur (€ G2) = (€ Ge) Ur (6,91) 
(ili) (¢, G1) A (€, G2) = (€, G2) N (6, G1) 
(iv) (¢, G1) Me (§ G2) = (€, G2) Ne (6, G1) 


(v) (¢,Gi)a(f, G2) = 


(h) Associative Laws 


(6, G2) @(¢, G1) 


(i) (€, 91) U ((E, G2) U (WY, Gs)) = ((G, G1) U (E, G2)) U (, Gs) 
(ii) (C, G1) Ur ((€, G2) Ur (, G3)) = (6, G1) UR (&, G2)) Ur (, 93) 
(ili) (¢, G1) N ((E, G2) N (WY, Gs) = ((C, G1) 9 (E, G2) 1 (W, Gs) 
(iv) (6, G1) Me ((E G2) Ne (, G3)) = (6, G1) Ne (E G2)) Ne (w, Ga) 
(v) (¢,91) VCE, G2) Vw, Gs)) = (6, G1) V(E, G2)) VY, Gs) 
(vi) (6,91) ACE, G2) AW, 93) = (6,91) ACE, G2)) AW, 9s) 
(i) De Morgans Laws 
(i) ((C, G1) U (E, G2))° = (C, Gi)? Ne (E, G2)° 
(ii) ((C, G1) Ne (€, G2))° = (6, G)° U (E, Ga) 
(iii) ((¢, G1) Ur (€ G2))® = (C, G1) 9 (E, Ga)®* 
(iv) ((¢,91) 9 (§, G2))® = (6, G1)® Ur (&, G2)®* 
(v) ((¢,91) V(E, 92))° = (¢,91)° A(E, G2)° 
(vi) ((C, G1) A(E, G2))° = (6, i) VE, G2)° 
(vii) ((¢, G1) V(E, G2))® = (¢, 91)” AE, G2)® 
(vili) ((C, G1) A(E, G2))° = (6, G1)® VE, G2)® 
(j) Distributive Laws 
(i) (¢,91) U ((E, G2) N (, G3)) = (CG, G1) U (8, G2)) A ((C, G1) U (e, Gs) 
(ii) (¢,91) 9 ((E, G2) U (, G3) = (6, 91) EE, he (¢, G1) 9 (#, Gs) 
(ili) (C, G1) Ur ((§ G2) Ne (¥, Gs)) = ((G, G1) UR (8, G2)) Me ((C, G1) UR (, 93) 
(iv) (6, G1) Me ((E, G2) Ur (#, G3)) = ((C, G1) Ne (€,G2)) Ur ((C, 91) Me (#, G3) 
(v) (6,91) Ur (8, G2) 9 (G3) = (CG, G1) Ur (§ G2)) A (0,91) Ur (v, Gs) 
(vi) (6, G1) 9 ((E, G2) Ur (,G3)) = ((C, G1) 9 (€, G2)) Ur ((¢, 91) 9, G3)) 


j=) 


. Relations and Functions on Hypersoft Sets 


Here we present the notions of relations and functions for hypersoft sets. 
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Definition 6.1. Cartesian Product of two hypersoft sets (W1,G1) and (W2,G2), denoted by 
(W1,G1) x (We, G2), is a hypersoft (V3,G3) where G3 = G; x G2 and 
V3: G3 > PU xl) 
defined by 
W3(9:,97) = Vilgi) x V2(g;) V (gi, 93) € Gs 
that is 


W3(gi,.95) = {(hi, hj) shi © Vi(gi), hy € Vo(gj)} 


Definition 6.2. If (W1,G1), (W2,G2) € Qcw,q) then a relation from (W1,G1) to (W2,G) is 
called hypersoft set relation (%,G4) (simply %) which is the hypersoft subset of (W1,G41) x 
(W2,G2) where G4 C Gi x G2 and V (hi, h2) € Ga, R(A1, he) = V3(h1, he), where (W3, G3) = 
(W1,G1) x (W2, Ga). 


Definition 6.3. Let be a hypersoft set relation from (WV1,G,) to (W2,G2) such that 
(W3, G3) = (W1,G1) x (V2, G2). Then 
(i) Domain of R (Dom ) is a hypersoft set (w, kK) C (V1, G1) where 
K = {gi € G1: U3(gi, 93) € R forsome g; € Go} 
and 
vn) = Vila), Vg ek 
(ii) Range of # (Range Vt) is a hypersoft set (€,L) C (W2,G2) where L C G2 and 
L= {gj € Go: V3(9i,9;) ER forsome gi € Gi} 
and 
(92) = Vi(g2),V g2 € L 
(iii) The inverse of % (~!) is a hypersoft set relation from (W2,G2) to (W1,G,) defined 
by 
HT = {Vo(qj) x Vala) : Va (qi) RV2(aj)} 


Example 6.4. Let 
(W1,G1) = { Vi (91), Ui(g2), Yi(gs) \ (Wo, G) = { Wo(g4), Vo(9s), V2(Ge) )} 
) 
) 
) 


(Wi(g1) x Wo(ga)), (Vig) x Yo(gs)), (Wi(gi) x Vo(ge) 
(W1,G1) x (W2,G2) = 4 (Ui(ge) x Vo(ga)), (Wi(ge) x Ya(gs)), (Wi(ge) x Yo(ge)), 
(Wi (gs) x Wo(ga)), (Wi(gs) x Ya(gs)), (Wi(gs) x Ya(ge) 


b} 


then 


R= { (Wi(gi) x Volga), (Wilg1) x Vo(g6)), Ui(ge) x Vo(ge)), (Yi(gs) x Yo(ge)) \ 
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(i) Dom = (w, K) where K = {91, 92,93} C Gi and o(gi) = Vi(m)V gi € K 
(ii) Range R = (€,L) where L = {ga, 96} C Go and €(g;) = Wo(gj)V g; € L 
(iii) Ro! 


{ (Wo(g4) x Vi(g1)), (W296) x Yilg1)), (Wa(g6) x Yi(ge)), (W2(ge) x Yi(gs)) \ 


Definition 6.5. Let ® and G are two hypersoft set relations on hypersoft set (UV, A), then 
we have 


(i) R CG, if for all u,v € K, V(u) x U(v) € RK then V(u) x Viv) EG 
(ii) The Complement of 9% , denoted by ©, is defined as 


RO = {VU(u) x U(v) : U(u) x U(v) ER, V u,v € K} 
(iii) The union of ® and G, denoted by RU G, defined as 
RUG = {V(u) x U(v) : U(u) x Viv) EC R or V(u) x V(v) EC GV u,v € K} 
(iv) The intersection of R and G, denoted by RNG, defined as 
RAG = {V(u) x U(v) : U(u) x Viv) EC R and V(u) x Viv) € GV u,v € K} 


Example 6.6. Let 


) 
(91) 
(U, k) x (UW, Kk) - (Y (92) x V(g1)), (W(g2) 
(93) 
then we have 


a = { (W(an) x Y(g1)), (U(o1) x Was), (W(g2) x Vas)), (Was) x W(gs)) } 


S = { (War) x W(o1)), (WC) x V(g2)), (U(g2) x W(g2)), (W(gs) x W(g2)) } 


now 


(1) 
© = { (W(g) x W(g2)), (W(ge) x V(gu)), (W(g2) x W(g2)), (B(ga) x U(g1)), (U(gs) x Vga) } 


SO = { (U(g1) x VGs)), (Wlg2) x W(g1)); (W(G2) x W(gs)); (U(gs) x Vas) } 
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Definition 6.7. Let % be a hypersoft set relation on (WV, A’), then 
(i) Nis reflexive if U(u) x U(u) € W for all uc K, eg. 


R= { (W(1) x Wn) $ 
(ii) His symmetric if U(u) x U(v) € KR then U(v) x U(u) € K for all u,v € K, e.g. 


w= { (W(g1) x Wg2)). (Wlg2) x Wai)) } 
(iii) KW is transitive if U(u) x U(v) € KR and W(v) x V(w) € KR then V(u) x V(w) € K for 


all u,v,w € K, e.g. 


m= { (W(gr) x U(g2)), (Wg) x W(gs)), (U(g2) x Vga) } 


(iv) RK is called equivalence relation if it is reflexive, symmetric and transitive. e.g. 


a = { (W(q) x V(r), (U(o1) x V(g2)), (W(g2) x V(g1)), (Wla2) x W(g2)) } 


(v) ® is called identity if U(u) x U(v) € KR then u = v for all u,v € K, e.g. 


v= { (W(gr) x U(g1)), (W(g2) x W(g2)), (U(gs) x W(gs)) } 


Definition 6.8. If % is a hypersoft set relation from (V1, G1) to (W2, G2) and G is a hypersoft 
set relation from (W2,G2) to (V3, Gs) then composition of 9% and G, denoted by Ro 6G, is also 
a hypersoft set relation T from (W,,G1) to (V3, G3) defined as 

if Wy (u) € (Wy, G1) and W3(w) € (V3, G3) then Vy(u) x Us(w) Ee RoG 

i.e. 


Wi(u) x U3(w) € RoG iff Vy (u) x Vo(v) € R and Va(v) x Vs(w) ER 


Example 6.9. Let 


R= { (Wi(g1) x Vo(q1)), (Wilg1) x Va(gs)), Wi(ge) x Ve(gs)), (Yi(gs) x Yo(gs)) \ 


and 


S = { (Wo(g1) x Va(g1)), (alr) x Vs(g2)), (Wage) x Va(g2)), (Wags) x Va(g2)) } 


then 
RoG = { (Gigi) x ¥s(g1)), (Wa(g1) x Wa(g2)), (Wa (ge) x Va(g2)), (Wigs) x Vs(o2)) } 


Definition 6.10. A hypersoft set relation ¥ from (W1,G1) to (W2,G2), represented by § : 
(W1,G1) > (V2, G2), is said to be hypersoft function if 

(i) domain of § = G1 

(ii) there is no repetition of elements in Dom § 


(iii) there is a unique element in Range ¥ corresponding to every element in Dom §. 
i.e. if Wy (u) F Vo(v) (or Wi(u) x Vo(v) € F) then F(Vi(u)) = Va(v). 
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Example 6.11. Let Gi = {u1, u2, ug} and G2 = {v1, v2, v3, v4} then 
(W1,G1) ={ Wi (ur), Vi (ue), Vi (us) \ 

(Wo, Go) = Wo(v1), Vo(v2), Yo(v3), Va(vs) \ 

so hypersoft functions is 


5 = { (Gr(ur) x Wa(v1)), (Wi (ua) x Wo(vs)), (Gr (ug) x Wa(va)) } 


Definition 6.12. A hypersoft function § : (W1,G,) > (We, G2) is said to be 
(i) into-hypersoft function if Range § C Go. 
e.g. Let Gy = {u1, ug, ug} and G2 = {v}, v2, v3, v4} then 
$= { (Gi(ur) x Wa(vr)), (Wr (u2) x Wo(vs)), (Ga (us) x Volos) } 
(ii) into-hypersoft function (or surjective hypersoft function) if Range § = Go. 
e.g. Let Gy = {u1, v2, ug, us} and Gp = {v1, v2, v3, v4} then 


5 = { (Wi(ur) x Wo(vr)), (Vr (w2) x Wo(vs)), (Wa(us) x Wo(v4)), (Wr (tua) x Wa(v2)) } 
(iii) one-to-one hypersoft function (or injective hypersoft function) if Vy(ui) A V1 (uz) then 
5(Wi(ur)) F F(V1(ua)). 

e.g. 

5 = { (Wi(ur) x Wo(er)), (Walaa) x Wo(va)), (Wa(us) x Wo(v2)), (Wi (ua) x Wa(vs)) 

(iv) bijective hypersoft function (or one-to-one hypersoft correspondence) if it is both injec- 
tive and surjective. 

e.g. 

5 = { (Vi(ur) x Wa(vr)), (Vals) x Wo(v2)), (Wa(us) x Wo(vg)), (Wr (ta) x Wa(vs)) I 
Definition 6.13. The identity hypersoft set function on hypersoft soft set (W,L) is defined 
by 3: (W,L) > (WV, L) such that J(W(1)) = U1) V U1) € (Y, LZ). 

e.g. Let L = {ly, lo, ls, 14} then 
I= { (Wh) x W(h)), (UCL) x Vl), (Ws) x Wis), (Cla) x WC) } 


7. Matrix Representation of Hypersoft Set 
In this section, matrix representation of hypersoft set is presented. 
Definition 7.1. 


(i) Let (¢, H) be a hypersoft set over U. A subset Ry of U x FH is said to be relation form 
of (¢, H) if it is uniquely represented as 


Ru ={ (u,h):he Hywe c(h) }. 
(ii) The characteristic function Xp,, is defined by 1g, :U x H — {0,1}, where 


ls (u,h) € Ry 


ARy (u, h) = 
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(iii) If || = m and |H| = n then hypersoft set (¢, H) can be represented by a matrix (aj;) 


called an m x n hypersoft matrix of (¢, H) over U/ as given below 


O11 Q12 «+. Alin 

Qa21 22 A2n 
(243) max 

Qm1 Am2 «.... Amn 


Note: The collection of all m x n hypersoft matrices over U is denoted by HSM(U)mxn- 


Example 7.2. Let U = {uj, u2, u3, ua, us} and H = {h1, ho, h3,ha, hs} where each h; is a i” 


tuple, for 7 = number of attribute-valued sets. Then 
C(h1) = {ur, ua}, C(h2) =0, (hs) = {ua, ust, C(h4) = {U2, us, ua}, C(hs) = 9, 
therefore we have 
(6,H) = { (ha, {ur w2}), (ha, {ua u5}), (has {ua,us, 04, }) } 
and 


Ry = { (ur,hx), (a2, hn), (tas Ra); (uss fig), (ta, ha), (ts, a), (a, hea) }. 


Hence hypersoft matrix is given as 


(O43) 5.5 = a,j =1,2,3,4,5. 


oe > 
oe ) 
Ee KE CO CO O&O 
oF FF FE CO 
Co oOo 2 co & 


Definition 7.3. Let (a;;) € HSM(U)mxn then (aj) is said to be: 


mxn mn 


(i) A zero (or null) hypersoft matrix, denoted by (0) if aj; = 0 V i,j e.g. 


mxn? 
00000 
00000 
On.) 0 0 DO Oo 9 = 125,45. 
00000 
00000 


(ii) An H,-universal hypersoft matrix, denoted by (aij) et if 
oy =1,V9 € Jn, = {7 : hy © Hy} and i. 


e.g. Let H be as given in[7.2|and Ay = {he, ha, hs} C A with (ha) = ¢(ha) = C (hs) 
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U then 
01011 
a oe ae 
gj = | 1-0 1 1 |47H1 23,45, 
O40, 44 
dc 0 0b 4 


u 


mxn? 


e.g. Let H be as given in [7.2] with C(h1) = C(he) = C(hg) = (ha) = C(h5) =U then 


(iii) A universal hypersoft matrix, denoted by (aij) it agg 1, V 4,7: 


4 a at 4 
Ct i a: 4 

(ais =| 1111 1 |4,5=1,2,3,4,5. 
Ca ti a 
ta a A 


Definition 7.4. Let Ly = (cra eens = (cs eee € HSM(W)mxn then 


(i) Ly is said to be hypersoft sub-matrix of La, denoted by Ly C Lo if ayy < Bij eg. 


01011 1 111i 
01011 1 1i1i1i1ii1 
Mm=]/01011 and Lg=] 1111 1 
01011 1 111i 
01011 1 111i 


Note: We may also say that Ly is dominated by Lz or Lz dominates Ly. 
(ii) Ly and Lz are said to be comparable, denoted by Ly || Le, if Ly C Le or Le C Lh. 
(iii) Ly is said to be proper hypersoft sub-matriz of Lz, denoted by Ly C Lz if for atleast 


110141 11111 
1 111i 1 111i 
one terma, <fjeg.£1=] 01 01 1 and Ly = 1131ii1éi1 
1 111i 1 1i1i1i1éi1 
010141 1 111i 
Note: We may also say that Ly, is dominated properly by Lz or Lz properly dominates 
Ty. 
(iv) Li is said to be strictly hypersoft sub-matrixz of L2, denoted by Li & Le if for each 
000 0 0 11111 
000 0 0 11111 
term aj; < Bij eg. Ll; =| 0 0 0 0 0 and Ly = 111411 
000 0 0 11111 
000 0 0 11111 


Note: We may also say that L, is dominated strictly by Lz or L strictly dominates 
Ly 
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(v) union of L, and Lz, denoted by Ly U La, is also a hypersoft matrix L3 = (4i;)mxn if 
Oj; = maxtor, bal V1.9 ex. 


110141 1 1i1i1i1éi1 
he a= AL ccd ll 1 111i 
Let Lj; =] 01011 and Ly = ede 1d then 
ToT “ae od 1 111i 
01011 1 111i 
1 111i 
1 1i1i1i1éi1 
I3=IyUlg2=] 11111 
1 111i 
11111 
(vi) intersection of L; and Lz, denoted by L1M Lz, is also a hypersoft matrix L3 = (4:;)mxn 
if Off = minor, Pah V tg Be 
110141 1 1i1i1i1éi1 
Td! a ed 1 1i1i1i1éi1 
Let fj; =] 01011 and Ly = Lo ao ib ike then 
1 111i 1 111i 
010it1éi4i1 Teel a. Me cll 
110141 
1 1i11i1éi1 
Ig3=IyiNl2.=} 01011 
1 111i 
010141 
(vii) complement of L = (dij)myn € HSMWU)mxn, denoted by L© (j1i;),,.,5 18 also a 
hypersoft matrix if ij =1—aij Vi,j e.g. 
1104141 0010 0 
11111 000 0 0 
Lett L=}] 010114] thn LO=] 101 0 0 
11111 000 0 0 
010141 1010 0 


(viii) difference of Ly from Lz, denoted by Lz \ Ly, is also a hypersoft matrix Lz such that 
Ls = Ly N L® eg. 


110411 Tod od. De ok 

1 111i 1 1i1i1i1ii 
Iy=|]0101 1 and. ig =!) “Tl ay Td, a then 

Lote dy th a 1 111i 

01011 je ee ee La 
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L3 = Lan L© 
as ee ays aa 00100 00100 
(tie 6s anes Oe 00000 0000 0 
Pg a Ao te A ey Te 0 se 200 
es ae es aa O20): 0.) 0000 0 
11.111 10100 10100 


Proposition 7.5. For X = (aij)mxn,Y = (Bij)mxn, Z = (Qij)mxn € HSM(U)mxn, we have 


following characteristics properties, operations and laws: 
Gi) XX UX Sa IX SG 
(i) XUOmxn =X, XN) =X 
XN (O)mxn = (D)anxens x U (245) sen = (043) sem 
‘ u u 
(iv) (C)mxn)® = (aijYmxn> (Oi mxn)? = (O)mxn 
XUX® = (aye, XAX© = (0)mxn 


) 
) 
) 
) 
(vi) (XUY)© = xX©ny®, (xny)© = x®©uy® 
iat 
) 
) 
) 


X©O)\O= xX 


(vii 
(viii OY SO in Si 

(YUZ)=(XUY)UZ ANY OZ)H(XANYINZ 

(YNZ) =(XUY)A(XUZ), XN(YUZ)=(XNY)U(XNZ) 


x 
(ix) XU 
XU 
Definition 7.6. Let P = (pij)mxn, Q = (Gik)mxn € HSM(U)mxn, then 


(i) AND- product of P and Q, denoted by P A Q, is defined as 
A: HSM(U)mxn X HSMU)mxn 7 HSMU)mxn2 with (pij) A (dik) = (rit) where 
ra = min{piz,diz} and l=n(j—1)+k. 

(ii) OR- product of P and Q, denoted by P V Q, is defined as 
V: HSMU)mxn X HSMU)mxn 7 HSMU)mxn2 with (pij) V (dik) = (rit) where 
ra = maz{pij,qz} and l=n(j—1) +k. 

(iii) AND - NOT - product of P and Q, denoted by P A Q, is defined as 
A: HSMU)mxn X HSMU)mxn 7 HSMU)mxn2 with (piz) A (Giz) = (riz) where 
ra = min{pij,1—qx} and l=n(j—1) +k. 

(iv) OR - NOT - product of P and Q, denoted by P Y Q, is defined as 
Vi: HSM(U)mxn X HSMU)mxn 7 HSM(U)mxn2 with (piz) ¥ (dik) = (riz) where 
ry = maz{piy,1—q,e} and l=n(j—1)+k. 


Example 7.7. Let P = and Q= then 


Ee OF 
ee RR 
Ee CoO F O&O 
eR oR oR 
ee Re eR 
ee Re 
Be Re RR 
Reo RR 
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12 tLLPTP OO 0 Ot 17 71 
WEao= Ce ie eS 2, ae 
CO.F OLE LAGD O04 4 24 
gm ae Cs ss a as as as CT 
| a a a Os ss PD 
hi PYG Ct et ty a ee ha a a a 
LAP EPAR Pe ett 4 
ns ls ls ns Ws se as A a TT 
i 7 oa 000 0 
_ 1111 000 0 
PL eaAg= 0101/1000 0 
1111 000 0 
0000000000000 00 0 
{[0000000000000000 
“LO £0 OOO 06 O07 0 0 0 0 OD 
0000000000000 00 0 
i 4 1 000 0 
i. at 4 4 000 0 
wees 0101|*1000 0 
1111 000 0 
Litigai#ptctoeonvoiairi 
ee ee oe oe ee ee ee ee ee se 
~100001111000011141 
ae es as ss ss ss Gs 


8. Hybrids of Hypersoft Sets 


Smarandache defined some hybrids of hypersoft set. Here we give some more hybrids of 
hypersoft set. In this section J = 4 xX Jax... x Im With Jp Jq = 9 V p,q = 1,2,...,m where 


Jp are attribute-valued sets corresponding to m distinct attributes 71, ja, ....,jm respectively. 


Definition 8.1. Let Fj, s(U) be a collection of interval-valued fuzzy sets over U then a interval- 


valued fuzzy hypersoft set(ifhs — set) ([, 7) over U is defined as, 
(I) ={ GEG) :7€ T,0U) € Fung) $ 
where [ : J — Fiy¢(U) and 
PG) = { yng) (u)/u: we U, urgy(u) € [0,1] } 


is an interval-valued fuzzy set over U. 
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Example 8.2. Let U = {u1, U2, U3, U4, U5, U6, U7, us} and J = {91,J2; 93, J4;J5, 36,57, J8} where 
each j; is r*’-tuple, r is the product of orders of J, we have 


Interval-Valued fuzzy hypersoft set ([, 7) is given as 


£[0.1, 0.2] /1, [0.2, 0.3] /u2, [0.4, 0.5] /ua, (0.5, 0.6] /us}), 
£[0.1, 0.3]/z1, [0.2, 0.4] /u2, (0.3, 0.4] /u3, (0.6, 0.8] /ug}) 
{[0.2, 0.3]/ua, [0.3, 0.4] /usg, [0.4, 0.5] /ua, , (0.5, 0.7] /us} 
ja, {[0.4, 0.5] /r4, (0.5, 0.6] /us, [0.6, 0.7] /ug, [0.7, 0.8] /u7}) , 
{[0.3, 0.6] /ug, [0.6, 0.7] /u6, [0.7, 0.8] /u7, (0.8, 0.9] /us}) , 
{[0.2, 0.4] /ug, [0.3, 0.5] /ug, [0.4, 0.6] /wa, (0.7, 0.8] /u7}), 
{[0.1, 0.4] /u1, [0.3, 0.4] /ug, [0.5, 0.7] /us, (0.6, 0.8] /u6}) , 


( 
( 
( 
( 
(l', J) ’ 
( 
( 
(js, {[0.2, 0.5]/ua, [0.3, 0.6] /u3, [0.6, 0.8] /ug, [0.7, 0.8] /u7}) 


Definition 8.3. A fuzzy parameterized hypersoft set (fphs-set) (D, 7) over U is defined as 


(D.D) ={ Crider) :9€T, Urls) € PU), GU) € [0.1] 
where F is a fuzzy set with ¢¢ : J — [0,1] as membership function of fphs-set and 
WF: I — PU) is called approximate function. 

Example 8.4. From example[8.2| we have 


(0.1/j1, (us, u2}) , (0.2/Jo, {u1, U2, uz}) , (0.3/7, {u2, us, ust) , 
(D,7) = 4 (0.4/J4, {ua, us, u6}) , (0.5/Js, (us, uz, us}) , (0.6/J6, {u2, us, U4, U7}) , 
(0.7/37, {u1, uz, Us, U6 }) , (0.8/3s, {u2, Us, U6, U7}) 
Definition 8.5. An interval-valued fuzzy parameterized hypersoft set (iv-fphs-set) (E, 7) over 
U is defined as 


(E,D)={ (nr (A)i F(A) 29 ET, Weld) € PU), ne 0(9) € (0,1) } 
where Fj, is an interval-valued fuzzy set with nr,, : J — [0,1] as membership function of 
fphs-set and yz,, : J + P(U) is called approximate function. 
Example 8.6. From example|8.2| we have 


(0.1, 0.2]/J1, {u1, ua}) , (0.2, 0.3]/J2, (ur, wa, us}) , ([0-3, 0.4]/Js, (ua, us, ust), 
(E,7) = 4 ([0.4,0.5]/ja, {u4, us, ue}) , ([0.5, 0.6]/J5, (ue, uz, ug}) , ([0.6, 0.7]/Je, {u2, us, Ua, U7}), 
([0.7, 0.8]/j7, {u, us, Us, Ue }) , ([0.8, 0.9]/7s, {u2, us, U6, U7}) 
Definition 8.7. An intuitionistic fuzzy parameterized hypersoft set (ifphs-set) (H, 7) over U 


is defined as 


(HF) ={ (<nr(i). ne) > /iree)) +4 € J, ver(4) € PU), nr(d) € (0,1, ne(4) € [0,1] 
where ZF is an intuitionistic fuzzy set with nr(j),nr(j) : J — [0,1] as truth and falsity 


membership functions of ifphs-set and yzr¢ : J — P(U) is called approximate function. 
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Example 8.8. From example [8.2| we have 


(< 0.1,0.2 > /j1, {u1, u2}), (< 0.2,0.3 > /Jo, {u1, ue, us}), 

(< 0.3,0.4 > /J3, {ue, us, ua}) , (< 0.4,0.5 > /Ja, (ua, Us, U6}) , 

(< 0.5, 0.6 > 148; {ue, U7, us}) 5 (= 0.6,0.7 > / 56, {ua, U3, U4, ur}) ; 
(< 0.7,0.8 > /Jj7, {u1, us, Us, Ue}) , (< 0.8,0.9 > /Jg, {ua, Us, U6, U7}) 


(H, 7) a 


Definition 8.9. A neutrosophic parameterized hypersoft set (nphs-set) (N, 7) over U is de- 
fined as 
W.) = (< mr(4).n1(4), ne (3) > /5,wG)) +4 € J, wld) € PU), 
nr(j) € [0,1], mr(7) € [0,1], ne (7) € [0, 1] 
where ZF is an intuitionistic fuzzy set with nr(j),77(7), nF(J) : J > [0,1] as truth, indetermi- 
nacy and falsity membership functions of nphs-set and yy : J + P(U) is called approximate 


function. 


Example 8.10. From example [8.2| we have 


(< 0.1,0.2,0.2 > /j1, {u1, u2}) , (< 0.2,0.3,0.3 > /Jo, {u1, u2,u3}), 

(< 0.3,0.4,0.4 > /73, {ua, ug, ust), (< 0.4,0.5,0.5 > / ja, {us, us, ue}) , 

(< 0.5,0.6,0.6 > /j5, {ue, U7, ust), (< 0.6,0.7,0.7 > /J6, {u2, uz, U4, U7}), 
(< 0.7,0.5,0.8 > /j7, {u1, us, Us, Ue}) , (< 0.8, 0.4,0.9 > /Jg, {ua, uz, Us, U7}) 


(N, J) = 


Definition 8.11. A hypersoft set (6,7) is said to be bijective hypersoft set (bhs-set) over U 
if 
G) U BG) =u 
JET 
(ii) for Ips Iq € Pe, # q, B(jp) a B(jq) = ) 


Example 8.12. Taking data from example [8.2 we have 


(B, T) — { Cie {ur}) ’ (je, {u2}) ) (j3, {u3}) ’ (ja; {us}) ) (CE {us}) ’ (Je; {ue }) ) (37, {ur}) ) (js, {us}) \ 
Definition 8.13. A fuzzy hypersoft set (By, 7) is said to be bijective fuzzy hypersoft set 
(bfhs-set) over U if 
(i) U Br) =U with >¢ py (u) € [0, 1] where py (u) is a fuzzy membership for each 
GET ucu 


uceu 
(ii) for Jp» Jaq ET pDF q, By (Jp) N Bg (dq) = 0 


Example 8.14. Assuming example |8.2| we have 


(By 7) _ (jt, {0.1/u1}) ’ (je, {0.2/u2}) ’ (j3; {0.13/u3}) ’ (j4, {0.14/u4}) ) 

(js, {0.05/us }) ) (és {0.06/ug }) ’ (37, {0.07/uz}) ’ (js, {0.08/us}) 
Definition 8.15. An interval-valued fuzzy hypersoft set (Bj, 7) is said to be bijective 
interval-valued fuzzy hypersoft set (biv-fhs-set) over U if 
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(i) U Bw G) =U with D7 Sup(us (u)) € [0, 1] where uf (w) is an interval-valued fuzzy 
i Abate for each ie u 
(ii) for jp, jqg € J.P F 4, Bivg Gp) 1 Bivg Gq) = 0 
Example 8.16. Suppose sets given in example |8.2| we have 


(jt, {(0.01, 0.1]/u1}) ’ (j2, { (0.02, 0.2]/uz2}) ’ (733 { (0.03, 0.13]/us }) ’ (ja; {[0.04, 0.14]/u4}) ’ 
(is, {[0.03, 0.05]/us}) , (76, {[0-02, 0.06] /ue}) , (47, {[0.03, 0.07]/u7}) , Gs, {[0.04, 0.08]/ us }) 


Definition 8.17. An intuitionistic fuzzy hypersoft set (Bis, 7) is said to be bijective intu- 


(Basti ) = 


itionistic fuzzy hypersoft set (bi fhs-set) over U if 


(i) U Bis) =U with 2 Tig (u) € [0, 1] and 2 Fig (u) € [0,1] where Tj (u) and 
JE we Ue 
Fy (wu) are truth and false membership for each u € U 


(ii) for Jos Iq € ie) # q, Bit (Jp) a Ber (jq) = i) 
Example 8.18. Let the sets provided in example |8.2| we have 


(j1,{< 0.01,0.1 > /ur}), (jo, {< 0.02, 0.2 > /uz}), (73, {< 0.03, 0.13 > /u3}), 
(Bip, 7) =% (ja, {< 0.04,0.14 > /ua}), is, {< 0.03, 0.05 > /us}), (J6, {< 0.02,0.06 > /ue}), 
(j7, {< 0.03, 0.07 > /u7}), (js, {< 0.04,0.08 > /ug}) 


Definition 8.19. An neutrosophic hypersoft set (By, 7) is said to be bijective neutrosophic 
hypersoft set (bnhs-set) over U if 


(i) U Bj) =U with D7 Ty (u) € [0, 1], 27 Iv (u) € [0, 1] and D7 Fi (u) € [0, 1] 
JET ucu ucu ucu 
where Ty (wu), Ly (wu) and Fy (wu) are truth, indeterminacy and false membership for 


each u € U 
(ii) for Jos Iq € Jf sp # q, By (Up) a By (Jq) = i) 
Example 8.20. Considering example [8.2 we have 


(j1,{< 0.01, 0.02, 0.1 > /uz}) , (72, {< 0.02, 0.03, 0.2 > /us}), 
(j3, {< 0.03, 0.04, 0.13 > /us}) , (ja, {< 0.04, 0.05, 0.14 > /ua}), 
(is, {< 0.03, 0.04, 0.05 > /us}) , (jo, {< 0.02, 0.05, 0.06 > /ug}) , 
(j7,{< 0.03, 0.04, 0.07 > /uz}) , (jg, {< 0.04, 0.05, 0.08 > /ug}) 


(By, J) = 


9. Conclusions 


In this study, fundamental properties, aggregation operations, basic set laws, relations and 
functions are characterized under hypersoft set environment. Moreover, essential concepts of 
matrices and their basic operations are discussed for hypersoft sets. Future work may include 
the development of hybrids of hypersoft set with fuzzy set, rough set, expert set, cubic set 
etc. and algebraic structures like hypersoft topological spaces, hypersoft functional spaces, 
hypersoft groups, hypersoft vector spaces, hypersoft ring, hypersoft measure etc. 


Conflicts of Interest: The authors declare no conflict of interest. 
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Hybrid set structures under uncertainly parameterized 
hypersoft sets: Theory and applications 
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Abstract: In this paper, we firstly introduced a hybrid set structure with hypersoft sets under 
uncertainty, vagueness and indeterminacy, called neutrosophic valued n-attribute neutrosophic 
hypersoft set, which is a combination of neutrosophic sets and hypersoft sets. The neutrosophic 
valued n-attribute neutrosophic hypersoft set (n - NNHS-set) generalizes the following hybrid 
sets as; n—attribute Hypersoft Set, n-attribute Fuzzy Hypersoft Set, n—attribute Intuitionistic Fuzzy 
Hypersoft Set, n-attribute Neutrosophic Hypersoft Set , Fuzzy Valued n-attribute Hypersoft Set, 
Fuzzy Valued n-attribute Fuzzy Hypersoft Set, Fuzzy Valued n-attribute Intuitionistic Fuzzy 
Hypersoft Set, Fuzzy Valued n-attribute Neutrosophic Hypersoft Set, Intuitionistic Fuzzy Valued 
n-attribute Hypersoft Set, Intuitionistic Fuzzy Valued n-attribute Fuzzy Hypersoft Set, 
Intuitionistic Fuzzy Valued n-attribute Intuitionistic Fuzzy Hypersoft Set, Intuitionistic Fuzzy 
Valued n-attribute Neutrosophic Hypersoft Set, Neutrosophic Valued n-attribute Hypersoft Set, 
Neutrosophic Valued n-attribute Fuzzy Hypersoft Set, Neutrosophic Valued n-attribute 
Intuitionistic Fuzzy Hypersoft Set, neutrosophic parameterized neutrosophic soft set, and so on. 
Then, we introduce some definitions and operations on n - NNHS-set and some properties of the 
sets which are connected to operations. Finally, we proposed the decision-making method on the 
n-NNHS-set and presented a numerical example to show that this method can be successfully 
applied. 

Keywords: Fuzzy set, Intuitionistic Fuzzy set, Neutrosophic set, Soft set, hypersoft sets, n - NNHS-set, 


decision making 


1. Introduction 


To handle uncertainties or indeterminate information, fuzzy sets [34] in [0,1], intuitionistic 
fuzzy sets [2] in [0,1]x[0,1], neutrosophic sets [25,32] in [0,1]x[0,1]<[0,1] and soft sets [22] in 
parameterize set and universe set are consistently being defined as efficient mathematical 
tools. Recently, soft sets have been developed by embedding the idea of fuzzy set, 
intuitionistic fuzzy set, neutrosophic set to expand the field of application of soft sets. For 
example, fuzzy soft sets [19], intuitionistic fuzzy soft sets [6], neutrosophic soft sets [8], 
fuzzy parameterized soft sets [5], fuzzy parameterized fuzzy soft sets [12], fuzzy parameterized 
intuitionistic fuzzy soft sets [10], fuzzy parameterized neutrosophic soft sets (Special version 
of [13]), intuitionistic fuzzy parameterized soft sets [9], intuitionistic fuzzy parameterized fuzzy 
soft sets [33], intuitionistic fuzzy parameterized intuitionistic fuzzy soft sets [11], neutrosophic 


parameterized soft sets[12] and neutrosophic parameterized neutrosophic soft sets [13], 


Theory and Application of Hypersoft Set 25 


are some of the studies. Also, soft sets generalized to the hypersoft set by using a multi-argument 
function and n distinct attribute sets. Also, some studies have made by the many authors, for example, 
on basic operations on hypersoft sets and hypersoft point fi], on m-Polar and m-Polar interval valued 
neutrosophic hypersoft sets 2, on aggregate operators of neutrosophic hypersoft set , on decision 
making based on TOPSIS under neutrosophic soft set [23)- 4, on generalized aggregate operators on 
neutrosophic hypersoft set 35], on generalization of TOPSIS for neutrosophic hypersoft set 29, on 
single and multi-valued neutrosophic hypersoft set 0), on multi-valued interval neutrosophic linguistic 
soft set fi5], and son on. 

In this chapter, we introduced hybrid set structure with hypersoft sets under uncertainty, vague- 
ness and indeterminacy, called neutrosophic valued n—attribute neutrosophic hypersoft set, which is 
a combination of neutrosophic sets and hypersoft sets Bi]. The neutrosophic valued n—attribute 


neutrosophic hypersoft set generalizes the following sets: 


n—attribute Hypersoft Set By], 

n—attribute Fuzzy Hypersoft Set Bi], 

n—attribute Intuitionistic Fuzzy Hypersoft Set Bi], 

n—attribute Neutrosophic Hypersoft Set Bi], 

Fuzzy Valued n—attribute Hypersoft Set (Special version of this study), 


) 
) 
) 
) 
) 
6) Fuzzy Valued n—attribute Fuzzy Hypersoft Set (Special version of this study), 
) Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set (Special version of this study), 
) Fuzzy Valued n—attribute Neutrosophic Hypersoft Set (Special version of this study), 
) Intuitionistic Fuzzy Valued n—attribute Hypersoft Set (Special version of this study), 
) Intuitionistic Fuzzy Valued n—attribute Fuzzy Hypersoft Set (Special version of this study), 
) Intuitionistic Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set (Special version of 
this study), 
(12) Intuitionistic Fuzzy Valued n—attribute Neutrosophic Hypersoft Set (Special version of this 
study), 
(13) Neutrosophic Valued n—attribute Hypersoft Set (Special version of this study), 
(14) Neutrosophic Valued n—attribute Fuzzy Hypersoft Set (Special version of this study), 
(15) Neutrosophic Valued n—attribute Intuitionistic Fuzzy Hypersoft Set (Special version of this 
study), 
) Soft sets AR, 
) fuzzy soft sets (i9], 
) intuitionistic fuzzy soft sets (6} 2 8}/23), 
19) neutrosophic soft sets Bq 2q, 
) fuzzy parameterized soft sets 6], 
) fuzzy parameterized fuzzy soft sets 13], 


Theory and Application of Hypersoft Set 26 


22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


fuzzy parameterized intuitionistic fuzzy soft sets (iq), 

fuzzy parameterized neutrosophic soft sets(Special version of (73]), 
intuitionistic fuzzy parameterized soft sets pl, 

intuitionistic fuzzy parameterized fuzzy soft sets B3], 

intuitionistic fuzzy parameterized intuitionistic fuzzy soft sets Ty], 
intuitionistic fuzzy parameterized neutrosophic soft sets(Special version of [3}), 
neutrosophic parameterized soft sets By, 

neutrosophic parameterized fuzzy soft sets (Special version of (13]), 


neutrosophic parameterized intuitionistic fuzzy soft sets(Special version of [13}), 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 
(29) 
(30) 
(31) 


neutrosophic parameterized neutrosophic soft sets [13], 

Therefore, the neutrosophic valued n—attribute neutrosophic hypersoft set is a powerful general 
formal framework and is most comprehensive of above sets to handle the indeterminate information 
and inconsistent information which exist commonly in real situations. Researchers, can be just study 
on neutrosophic valued n—attribute neutrosophic hypersoft sets which are the most general form of the 
above hybrid sets in (1-31). Thus, instead of working separately, it will save time and it will be easier 
to research and find solutions of problems which contain uncertainties or indeterminate information. 
To do this, the rest of this paper is structured as follows: In section 2, we give the basic definitions 
and results of fuzzy set theory, intuitionistic fuzzy set theory, neutrosophic set theory, soft set theory, 
neutrosophic parameterized neutrosophic soft set theory and hypersoft set theory. In section 3, we 
develop the Hybrid Set Structure with Hypersoft Sets under Uncertainty, Vagueness and Indeterminacy, 
called neutrosophic valued n—attribute neutrosophic hypersoft sets, including some special hybrid set 
structures, NPNSS-aggregation operator, decision making algorithm. In section 4, we present a section 


of conclusions. 


2. Preliminary 


In this section, we give the basic definitions and results of fuzzy set theory, intuitionistic fuzzy set 
theory, neutrosophic set theory, soft set theory, neutrosophic parameterized neutrosophic soft set theory 


and hypersoft set theory that are useful for subsequent discussions. For more details, the reader could 
refer to EJSIS|ESEA TOT PO 257 5359, 


Definition 2.1. Let U be a space of points (objects), with a generic element in U denoted by u. 


A fuzzy set F in U is characterized by a membership function wr : U > [0,1]. It can be written as 


F={<u,(up(u)) >: ue U, up(u) € [0, 1}. 


Definition 2.2. t-norms are associative, monotonic and commutative two valued functions ¢ 
that map from [0,1] x [0,1] into [0,1]. These properties are formulated with the following conditions: 


Ya, b,c,d € [0,1], 
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(1) t(0,0) = 0 and t(a,1) = t(1,a) =a, 

(2) Ifa<cand b< d, then t(a,b) < t(c,d) 
(3) t(a,b) = t(b, a) 

(4) t(a, t(b, c)) = t(t(a, b, c)) 


Definition 2.3. t-conorms (s-norm) are associative, monotonic and commutative two placed 
functions s which map from [0,1] x [0,1] into [0,1]. These properties are formulated with the following 


conditions: Va, b,c, d € [0, 1], 


s(a,b) = s(b, a) 


( 
(a, s(b, c)) = s(s(a, b,c) 


H 


a 


t-norm and t-conorm are related in a sense of logical duality. Typical dual pairs of non parametrized 


t-norm and t-conorm are complied below: 


(1) Drastic product: 


Lad) min{a,b}, max{ab} = 1 
wa, = 
0, otherwise 


(2) Drastic sum: 
max{a,b}, min{ab} =0 
a,b) = 


1, otherwise 
(3) Bounded product: 


ti (a,b) = max{0,a+b— 1} 
(4) Bounded sum: 
81(a, b) = min{1,a + b} 


(5) Einstein product: 


a.b 
t b) = ——_______ 
1.5(a, b) 2—[a+b—al 
(6) Einstein sum: 
a+b 
81,5(a, b) _ 1+ab 
(7) Algebraic product: 
to(a, b) =a.b 


(8) Algebraic sum: 
s2(a,b) =a+b—a.b 


(9) Hamacher product: 
a.b 
t b) = ————— 
2.5(a, 6) a+b—a.b 
(10) Hamacher sum: 
a+b—2.a.b 


82.5(a, b) = Tab 


Theory and Application of Hypersoft Set 28 


(11) Minumum: 
t3(a, b) = min{a, b} 
(12) Maximum: 


83(a,b) = max{a, b} 


Definition 2.4. Let U be a space of points (objects), with a generic element in U denoted by u. 
A intuitionistic fuzzy set (IF-set) IF in U is characterized by a membership function yr : U > [0,1] 


and a non-membership function vrr : U — [0,1]. It can be written as 


IF = {< u,(urr(u), vrr(u)) >: u € U, wrr(u), urr(u) € [0, 1]}. 


where 0 < wrr(u) +u7rr(u) <1. 


Definition 2.5. Let U be a space of points (objects), with a generic element in U denoted by 
u. A neutrosophic set N in U is characterized by a truth-membership function Ty : U — [0,1], a 
indeterminacy-membership function Iy : U — [0,1] and a falsity-membership function Fy : U = [0,1]. 


It can be written as 


N ={< u,(Tn(u), In(u), Fr (u)) >: u € UF. 
There is no restriction on the sum of Ty(u); Iy(u) and Fy(u), so 0 < Ty(u) + In(u) + Fn (u) < 3. 
Also, for special cases, we have in the following hybrid set structures: 


(1) A neutrosophic set for Iy(w) = 0 and Fiy(u) = 1 — Ty(u) reduced to fuzzy set as; 
N = {< u, (Tn(u), 0,1 — Ty(u))) >: wu € UF. 


(2) A neutrosophic set for Iy(u) = 0 and 0 < Fy(u) + Tw(u) < 1 reduced to intuitionistic fuzzy 


set as; 
N = {< u,(Tn(u),0, Fy (u))) >: ue US. 


Definition 2.6. Let U be an initial universe, P(U) be the power set of U, E be a set of all 
parameters. Then a soft set S over U is a set defined by a function representing a mapping fs : E > 
P(U) Here, fx is called approximate function of the soft set S, and the value fs(x) is a set called 
x-element of the soft set for all « € E. Thus, a soft set over U can be represented by the set of ordered 


pairs 


S = {(a, fs(w)):@ € BE, fs(x) € PU)} 


Definition 2.7. Let U be a universe, F be a set of attributes that are describe the elements of U, 
E; C E(i € {1, 2,...,n}) be ¢ set of attributes such that £; NE; #9, for alli ~ j, and i,j € {1,2,...,n}. 
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Then, an n—attribute Hypersoft Set(n—HS—set) S,_ 9 over U is a set defined by a set valued function 


fs,_m5 Yepresenting a mapping 
fs,-us 1 £1 X Ey x... x E, > P(U) 


where fs, _j,5 is called approximate function of the S,—yg. For (#1, %2,...¢n) € Ey x Ey x... x En, 
the set fg, ,¢(%1,22,-.-Ln) is called (#1, x2, ...cy)—approximation of the S,_7g. It can be written as 


a set of ordered pairs, 


Sn—-Hs = { (erste, mite) fens E12, .En)) + (@1,%2,..-0n) € By x Eo x... x En, 
fs,— as (®1; 22, ity) € ut 


Definition 2.8. Let U be a universe, N(U) be the set of all neutrosophic sets on U, E be a 
set of parameters that are describe the elements of U and K be a neutrosophic set over &. Then, a 
neutrosophic parameterized neutrosophic soft set(npn—soft set) Sipw over U is a set defined by a set 


valued function fs,,,. representing a mapping 
fSnpn :K-5> N(U) 


where fs, is called approximate function of the npn—soft set Sypy. For x € E, the set fsy,,y (x) is 


called x-approximation of the npn—soft set Sypn. It can be written a set of ordered pairs, 


SNpN = {(< ©, T sy pn (2) 1 ax (a): Psi (x) >; 


1< UT ys. y (a) (1); psy, (a) (M4), Ffsy on (2) (u) >:uEeU}):ae€ eh 
where 


PSone (x), lonen (x), Dep, (x), TS iets (u), Eee (u), Pies og (u) € (0, i: 


3. Hybrid Set Structure with Hypersoft Sets under Uncertainty, Vagueness and Indeter- 


minacy 


In this section, we combined the concept of Hypersoft set and neutrosophic set 3], for generaliz- 
ing npn—soft set [13], by introducing a new hybrid set structure called neutrosophic valued n—attribute 
neutrosophic Hypersoft set(n — NNHS-—set). Then, we introduce some definitions and operations on 


n—NNHS-sets and some properties of the n — NN HS-~—sets which are connected to operations have 


been proposed. Some of it is quoted or inspired or generalized from | | | | | | | 


3.1. Neutrosophic Valued n—attribute Neutrosophic Hypersoft Sets 


Definition 3.1. Let U be a universe, N(U) be the set of all neutrosophic sets on U, FE be a set of 
attributes that are described the elements of U, E; C E(t € {1,2,...,n}) be i set of attributes such 
that £; E; A 0, for all i ¥ j, and i,j € {1,2,...,n} and K; be a neutrosophic set over E;. Then, a 
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Neutrosophic Valued n—attribute Neutrosophic Hypersoft Set(n —NNHS-—set) S,_nnuysg over U isa 


set defined by a set valued function fs, .y75 Tepresenting a mapping 


fs,_-nnus 1 1 X Ko xX... xX Ky > N(U) 


where fs is called approximate function of the S,-nwasg. For (#1, 22,...Un) € Ey xX Eo x... X 


n-NNHS 
Ey, the set fs, ynyg (41,2, ---Ln) is called (21,22, ...2,)—approximation of the S,_nnus. It can be 


written as a set of ordered pairs, 


Sn—-NNHS = {( t< Wis lo aware i) Tie ergo Coreg are (x1) ays 2, Ts. wwe (x2), 
Te eryane (x2), ae (x2) Prey SIny ee (Zn), 15. nina ha) 
F's, wus (tn) =), i< U, Te. ens tticeyaten C2) 1s ay gatien toca), 


Pye. seu sia ee jhe, cyt) 22 WE US) Ba, Gayenty) S Ey Be ® ne Bn} 


where 

Ts,_ wus (%i) (i € {1,2,...,n}), Is, nwas (Li) (t € {1,2 ,.2.47}), Fs yng (i) € (0, 1](@ = 
{1, 2,...,n}), 

and 


TS. winston Miata Hs LS. nwng outa tn) (Us Pe anigt tey an Ke) € (0, 1] 
such that 


O< Ts,.2nwes (xi) + tsi owee (2)), FS. on were (9) < 3(7 € {1, 2, vis 1}) 


and 


O< Ts nue aioe yO) + 1s... nweeniageeny a Po, eit atoms) <3. 


Note that if the set of attributes F; is single then the n— NN HS-—sets reduced to npn—soft sets {13}. 


Therefore, the n — NN HS-—sets generalizes the following sets: 


(1) Soft sets 3], 

(2) fuzzy soft sets {19}, 

(3) intuitionistic fuzzy soft sets id, 

(4) neutrosophic soft sets I, 

(5) fuzzy parameterized soft sets Bl, 

(6) fuzzy parameterized fuzzy soft sets (12], 

(7) fuzzy parameterized intuitionistic fuzzy soft sets ; 

(8) fuzzy parameterized neutrosophic soft sets(Special version of (73]), 

(9) intuitionistic fuzzy parameterized soft sets 9), 
(10) intuitionistic fuzzy parameterized fuzzy soft sets B3], 
(11) intuitionistic fuzzy parameterized intuitionistic fuzzy soft sets fia], 
(12) intuitionistic fuzzy parameterized neutrosophic soft sets(Special version of [13}), 
(13) neutrosophic parameterized soft sets By, 
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(14) neutrosophic parameterized fuzzy soft sets (Special version of (13]), 
(15) neutrosophic parameterized intuitionistic fuzzy soft sets(Special version of [13}), 
(16) neutrosophic parameterized neutrosophic soft sets [13], 


Definition 3.2. Let S,_nnys be ann — NNHS-set. Then, the complement of 5,1 nzsg denoted 
by So_wwasg and is defined by 


S-NNHS = {( (=< T1, FS. wwe (1), i= Is, writs (x1), TSponwis (x1) >< £2, F's, wus (x2), 
i Is, _wwire (x2), Ts,_nwus (x2) Pye SIn, Fs, nus (tn), 1- Is, wns (tn), 
fee (tn) >); = U, Le eee etaasnyh Os oe CME Ce eee en) Ce 


TS exis ween) Ul) PT we U)) sito, att) Sy he Kak a} 


Definition 3.3. Let S?_ yyy and S?_yyyg be two n— NNHS-sets. Then, S}_ x yyzg is said to 


be n — NNHS-—subset of $?_y vig, is denoted by St_yyygCS?_wnys, if 


(22) < Sa (222), Ti51 ppg (tet yt0ay-o-ttn) (U) < T52_seware(@istar--tin) UD» 


1 
T91  awag (Pi) 2 Tae (i) Lg. vars (201 009)...t_) UY) 2 Di ic wielaittiass, ag) 


=> Fe 


ANNES (i), Fg2 arg (1,02,---0n)(U) 2 wavarg(@1ytaytn) Ue) 


for all 2 € {1,2,..., nm}. 
Also, If S)_nwag is n - NNHS-—subset of $?_yyyg and S?_nyyg is n — NNHS-—subset of 


1 2 2 : + Sa 1 = @i 
S,-nNus> then S7_ynyg and S\_ynpg is equal and we denote it with S$) oy wig = Sn_NNES: 


Proposition 3.4. Let S}_yyag, S2_nnag and S3_ynag be any threen —NNHS~sets. Then, 


1 Col 
(1) Sn-NNHS©Sn_-NNHS 
1 Cc o2 2 Cc O3 1 Cc o3 
(2) S;_nnasCSn_wwus 87¢ Sl NNusCSn—NNHS = Sn-NNHSC5n—NNHS) 


1 _ a2 2 _ @B 1 _ @ 
(3) S;_nnas = Sn—-nnus 8nd S)_NNus = Sp_nwnus > Sn—-NNHS = Sn—NNHS) 


Definition 3.5. Let S1_yy”g be ann—NNHS-set. Then, $)_y yizg is called null n—NNHS-—set, 
denoted by Sg, if 


POP oa (x3) = 0, T51 _sexrerg (#1 ybay--ttn) U4) = 0, 
Ist egg tt) = 1, Fst rarer (tt tbayoncttm) CU) — 1, 
A eee (x;) = ee Ce ee) =1. 


for all 7 € {1,2,...,n} 


(or 
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Let ous (i) = =0 D1 _ A ming Gta teajoncty) Ct) = 0, 


oe (ti) = = Tg NNHS(@1;€2)- vty) (U) = 0, 
eee (zi) = =1 Fr wnng beta sten) =1. 


for all 7 € {1,2,...,n}.(The definition do not use in this study)) 


Definition 3.6. Let S)_yjqs be an n —- NNHS-set. Then, Si_yyqg is called universal n — 


NNHS-set, denoted by Sy, if 


Fst vag 2A) = LT st _ sy ayerg(#1st yn) (U) = 1, 

T52vng Ct) = 9075, aig (eiyeayntn)(u) = 9, 

Fegt neg (Ut) = 9, Fipt_ ar srg(w1yt2)---tn)(U) = 0. 
(or 

Fgt vag Pi) = LT st _ ay eg(t1stantn) (YU) = 1, 

Tt gest) Ns 1b crereelat ans any) = 

Bsa NNHES (xi) = 0, Poa _ sree Bie) cea y CU) = 0. 


for all 7 € {1,2,...,n}.(The definition do not use in this study)) 


Proposition 3.7. Let S}_yyag, S2_nnag and S3_ynag be any threen — NNHS~sets. Then, 


(1) (Su)° = So 
2) 
3) ae nnis©Su 
) 
) 


( 
( 
(4 (Sp nnus)*)° = n—-NNHS 
(5) SoCSh_nwus 


Definition 3.8. Let S)_nyys and S?_ynpyg be two n —- NNHS-—sets. Then, the union(or sum) 
ofS nwnas and Ss? _nnus 18 denoted by s3 —NNHS — Si_nnusUS5_nnus(t S? wus 


Sl sen ee SRN ES) and i 1S defined by 


Sn-NNHS =~ {( (< 115,738 us (21), I83 wis (21), Fs3_ vars (x1) meee 2,13 —NNHS (x2), 


eee (x2), PGE tie (x2) acu ie nT 53 ns (2m), 138 vis(* n)s 
Fs wag (en) >), ies U D3 seni wrg a ta yintin) CH) 18 era (wr pbayiatin VU u), 
B53 swing (tritaytn) e) SWE U}) 4 (11, Xa, | € By x Box... X En} 
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where 


Le ae (xi) = Ch eee (i), U9? was (x), 


Ts3 


© nN (21a kn) (u) —_ OUT. ns hairs ae SK Tiga tase ete iN) Ny 


Igs 


Bs a n—-NNHS Ce (xi), 


Gs tphvea amt) = ERY, i529 as Ina cays Pee 1 ay esa) 


for all 2 € {1,2,..., nm}. 


Proposition 3.9. Let S)_nyas: S2_nnuyg and S2_nuyg be any threen— NNHS~—sets. Then, 


1 ry = 
S,—-nnusUSu = Su 


1 1] — ol 
Sn—-NNHSUSO _ Sn—-NNHS 


1 ,)o2 — 02 ;yol 
A Sn—-NNHSYSn—NNHS = Sn—NNHSUSn—NNHS 


a = 703 
Sh_-nnusU(S2_ wwasUS3_nwus) = (Sh_wnwusUS2_nwus)US?_ wus 


(1) 
(2) 
(3) Si_-wnusU(Sn—-nnHs a (Si_-nNHS 
(4) 
(5) 


Definition 3.10. Let S!_ yas and S?_yyyg be two n — NNHS-sets. Then, the intersection(or 
PLOCUCL) OF,99 nite Be o>. ag pre ds denioted by Dane ay neoh Ow wiie Ol Oo Awe — 


Sr -NNHSXSc_nnus) and is defined by 


(x2), 


Si_-NNHS = {( (<1, Ty4 arg (1) Lo4_ vaarg (PI) M84_ yg (U1) >< G2Ts4_ sig 


Ce (tn), Iga (tn) 


£2), F'ga 5) 
Poe? alas (tn) >), {< U, T 34 yy ug (@14825---0n) (Us T 34 yg (@1502,--.0n)(U)> 


(x2) Pye S Ln, T'ga 


—-NNHS —-NNHS —-NNHS 


Pea ning (tr itayntn) ee) SWE U}) 4 (11, Xa, | € By x Box... X Bn} 
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34 


where 


T 54 


n—-NNHS (i) = tTgt es (xi), Tee aoe (xi), 


Ly etka pie ws) = LC geen Og Pores (u), en Care 


Toe ye os (i) =< SCI gt es (i), Tae Ade (w4)), 


ee) (u)), 


Is ewrre(1ibaysteg) st) — 10 Rae ea a (u), Tae 5 last yates cae UE) 


Feet rene (tists ty) UY) = (CF gio nrsg Barta.) es i a Co 


for all 2 € {1,2,..., n}. 


ty) (t))- 


Proposition 3.11. Let Si_ynas, S2_nnag and S3_nnuag be any threen — NNHS-—sets. Then, 


(1) 
2) 
3) 
) 
) 


alr is = 1 
Sn—-NNHS Su = Sn—-NNHS 
a ~ 
Sn-NNHS So = So 

1 


Aol — el 
Sn—-NNHS Sn—-NNHS = S,_NNHS 


( 

( 

(4 Sh-nnus'Sn—NNHS = Sh_nnusSn_NNuHS 
(5 


Definition 3.12. Let S)_ynpg be an n— NNHS-set and y 4 0. Then, S°?_yyyg = (Sh 


is defined as; 


Sn-NNHS = {( (< 21,795 arg (Pt) L958 _ nag (EL) Mss 


n—-NNHS 


eee (x2), PGE iets (x2) ee ea ae 
Bg res (2n) >); {< Ms T35 yrs (t1stay.--tn) (Us rer 


1 A( 02 An 93 = 1 A C2 A o3 
Sn—-NNHS (Sn_nnusSn_nnus) — (Sh_nnuasSn_nnus) Sn_-NNHS 


n—NNHS) 


(1) ays @2,T gs we (x2), 


(n), 95 arg (En) 


Grated yO) 


Fg5 sig rita tn) He) SWE U}) ; (11, Xa, SO) € By x Box... X Bn} 


where 
Pge etsis (wi) =1-(1- Ts NNHS (i), 
D8 cero (1j%a) oct) U4) =1- (1 o* Tsing @ryeaycten MO) 


Lg8 iia (2) = Ce aeerera (xi), 
Do tea) = (Tgt wie ataatn) ()) 


(w:) = (Fst_,,g(@i)). 


he a ne TE = (Pst saree @neainen) a)” 
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for all 2 € {1,2,..., }. 


Definition 3.13. Let Si_ynyg be ann—NNHS-set and y #0. Then, S6_yyyg = (Sin—-wnus)™ 


is defined as; 


(v1) >,<22,Tse_ (#2), 


Sn-NNHS = {( (< 21, T 96 arg (PI) L989 _ vag (E1) Mss 


n—-NNHS 
Ig6 


| 


F'ge 


n—-NNHS 


2), F'se (x2) Psy < Ln, T 6 (tn), 130 Ln), 


—-NNHS Ree 


(2m) =, cs thy Tg wes g (1 ayy) Ue) 158 - oe eclteue cea ) 


—NNHS 
Fg syrng (Wty ay~thn) e) > Ue U}) : (11, X2, aay) E By x Ey Kas x En 


where 


ee ee ee (u) = (Ts _earng @art apie) (2), 


Tg (wi) =1—(1 Iga ag (ta), 


6 

n-NNHS 
6 —_ 

Je. Anheiaamy = (1 = T31 yg (#1825...) (U))"s 

ere (xi) =L< (1 — ere (xi))”, 


Fe rsrryg (Wt rtay--ttn) U) =1- (1 a Fst opaliiaacaye) 


for all 2 € {1,2,..., n}. 


Proposition 3.14. Let Si_nnas, St_nnag and S2_nnyg be any three n —- NNHS~—set and 


71,72; #0. Then, 
1) Sn_-nnusU($2_nnaslSe_nwus) = (Sh_nwnusUS?2_nnus)O\(Sa_-nnusUSe_nnus) 
2) Si_-nwnus(\(S2_nnusUS?_nvus) = (Sh_nwus S2_nnus)U(Sh_nnus Se_nnus) 
3) (Si_wwus S2_nnus) = (Si_wnus) U S?_nnus)® 

) ) 


( 
( 
( 
(4 


2 £ 


(Si_nwwusUSn_nwus)° = (Si_wwHs S2_wwus)° 


Note that the proofs of Proposition can be easily obtained according to Definition 3.13 


and properties of t-norm function and s-norm functions in Definition 2-2]2.3] 


Example 3.15. Let U = {u1,u2,u3} be a universe, EF = {x1,02,23,24,25,26} be a set of attributes 
that are describe the elements of U, E; C E(é € {1,2,3}) be i set of attributes such that Ey = 
{x1, 22,23}, Ep = {x4,25},E3 = {ag} C F and us consider the t-norm ¢(a,b) = a.b and s-norm 


s(a,b) =a+b—a.b. Then, S3_yyyg and S3_nyyyg over U given as; 


Theory and Application of Hypersoft Set 


Sa eee {( £1, (0.1, 0.5, 0.4) >, < x4, (0.2, 0.8, 0.9) >, < a6, (0.1, 0.2, 0.7) >); 


{< uy, (0.2, 0.7, 0.4) >, < ua, (0.7, 0.2, 0.3) >, < uz, (0.5, 0.6, 0.2) >}), 
< £1, (0.4, 0.8, 0.9) >, < x5, (0.4, 0.8, 0.7) >, < 26, (0.7, 0.4, 0.9) >); 
< uy, (0.5, 0.4, 0.7) >, < ua, (0.2, 0.3, 0.7) >, < uz, (0.4, 0.3, 0.7) >}), 
< 2X2, (0.7, 0.8, 0.4) >, < x4, (0.3, 0.5, 0.1) >, < a6, (0.4,0.5,0.1) >); 
< uy, (0.4, 0.5, 0.3) >, < ua, (0.2, 0.2, 0.2) >, < uz, (0.8, 0.7, 0.4) >}), 
< £9, (0.4,0.4,0.9) >, < x5, (0.4, 0.5, 0.2) >, < 26, (0.2, 0.5, 0.8) >); 
< uy, (0.5, 0.6,0.7) >, < ug, (0.8, 0.5, 0.5) >, < uz, (0.5, 0.3, 0.2) >}), 
< x3, (0.6,0.7, 0.8) >, < x4, (0.5, 0.7,0.1) >, < 26, (0.4, 0.1, 0.8) >); 
< uy, (0.1, 0.2, 0.8) >, < ug, (0.5, 0.3, 0.3) >, < uz, (0.5, 0.4, 0.6) >}), 
< x3, (0.7, 0.4,0.1) >, < a5, (0.9, 0.7, 0.5) >, < ag, (0.5, 0.2, 0.2) >); 


{< uz, (0.8, 0.3, 0.7) >, < ua, (0.6, 0.7, 0.1) >, < ug, (0.7, 0.5, 0.7) >y} 


— 


em pla ES RRR Ree 


and 


a {(( £1, (0.2, 0.3, 0.4) >, < x4, (0.3, 0.1, 0.9) >, < x6, (0.2, 0.5, 0.5) >); 


{< uy, (0.5, 0.2, 0.3) >, < ua, (0.7, 0.4, 0.1) >, < uz, (0.2, 0.5, 0.3) >}), 
< £1, (0.5, 0.8, 0.8) >, < x5, (0.5, 0.9, 0.7) >, < 26, (0.7, 0.5, 0.9) >); 
< uy, (0.5, 0.5, 0.7) >, < ua, (0.6, 0.7, 0.7) >, < uz, (0.5, 0.7, 0.7) >}), 
< 2X2, (0.7, 0.8, 0.5) >, < x4, (0.7, 0.5, 0.1) >, < ag, (0.5, 0.5, 0.1) >); 
< uy, (0.5, 0.5, 0.7) >, < ug, (0.6, 0.6, 0.6) >, < ug, (0.9, 0.7, 0.5) >}), 
< £2, (0.5, 0.5, 0.9) >, < x5, (0.5, 0.5, 0.6) >, < 26, (0.6, 0.5, 0.9) >); 
< uy, (0.5, 0.6, 0.7) >, < ua, (0.9, 0.5, 0.5) >, < ug, (0.5, 0.7, 0.6) >}), 
< 2x3, (0.6, 0.7,0.9) >, < x4, (0.5, 0.7,0.1) >, < a6, (0.5, 0.1, 0.9) >); 
< uy, (0.1, 0.6, 0.8) >, < ug, (0.5, 0.7, 0.7) >, < ug, (0.5, 0.5, 0.6) >}), 
< £3, (0.7,0.5,0.1) >, < x5, (0.9, 0.7,0.5) >, < 26, (0.5, 0.6, 0.6) >); 


{< uz, (0.8, 0.7,0.7) >, < ua, (0.6, 0.7, 0.1) >, < ug, (0.7, 0.5, 0.7) >p} 


— 


Ce a ee 


Therefore, 


(1) S¢_ nag is computed as; 
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Cr {(( 21, (0.4, 0.5, 0.1) >, < x4, (0.9, 0.2, 0.2) >, < 26, (0.7, 0.8, 0.1) >); 


{< uy, (0.4, 0.3, 0.2) >, < ug, (0.3, 0.8, 0.7) >, < us, (0.2, 0.4, 0.5) >}), 
((< 21, (0.9, 0.2,0.4) >, < x5, (0.7, 0.2, 0.4) >, < x6, (0.9, 0.6, 0.7) >); 
{< uz, (0.7, 0.6,0.5) >, < ua, (0.7, 0.7, 0.2) >, < ug, (0.7, 0.7, 0.4) >}), 
((< x9, (0.4, 0.2,0.7) >, < xa, (0.1, 0.5, 0.3) >, < x6, (0.1, 0.5, 0.4) >); 
{< uz, (0.3, 0.5, 0.4) >, < ua, (0.2, 0.8, 0.2) >, < ug, (0.4, 0.3, 0.8) >}), 
((< x2, (0.9, 0.6,0.4) >, < a5, (0.2, 0.5, 0.4) >, < x6, (0.8, 0.5, 0.2) >); 
{< uz, (0.7, 0.4, 0.5) >, < ua, (0.5, 0.5, 0.8) >, < ug, (0.2, 0.7, 0.5) >}), 
((< x3, (0.8, 0.3, 0.6) >, < x4, (0.1, 0.3, 0.5) >, < x6, (0.8, 0.9, 0.4) >); 
{< uz, (0.8, 0.8, 0.1) >, < ua, (0.3, 0.7, 0.5) >, < ug, (0.6, 0.6, 0.5) >}), 
((< x3, (0.1, 0.6,0.7) >, < 25, (0.5, 0.3, 0.9) >, < x6, (0.2, 0.8, 0.5) >); 


{< uz, (0.7, 0.7, 0.8) >, < ua, (0.1, 0.3, 0.6) >, < ug, (0.7, 0.5, 0.7) >} 


(2) St_nwus = Sn-nnusU5n_wnus 38 computed as; 


S3_ wus = {((< 21, (0.28, 0.15, 0.24) >, < a4, (0.44, 0.08, 0.81) >, < x6, (0.28, 0.10, 0.35) >); 


{< uz, (0.60, 0.14, 0.12) >, < uz, (0.91, 0.08, 0.03) >, < uz, (0.60, 0.30, 0.06) >}), 
((< 21, (0.70, 0.64, 0.72) >, < 25, (0.70, 0.72, 0.49) >, < 26, (0.91, 0.20, 0.81) >); 
{< uz, (0.75, 0.20, 0.49) >, < uz, (0.68, 0.21, 0.49) >, < uz, (0.70, 0.21, 0.49) >}), 
((< x2, (0.91, 0.64, 0.20) >, < x4, (0.79, 0.25, 0.01) >, < 26, (0.70, 0.25, 0.01) >); 
{< uz, (0.70, 0.25, 0.21) >, < uz, (0.68, 0.12, 0.12) >, < uz, (0.98, 0.49, 0.20) >}), 
((< x2, (0.70, 0.20, 0.81) >, < 25, (0.70, 0.25, 0.12) >, < 26, (0.68, 0.25, 0.72) >); 
{< uz, (0.75, 0.36, 0.49) >, < ua, (0.98, 0.25, 0.25) >, < ug, (0.75, 0.21, 0.12) >}), 
((< 3, (0.84, 0.49, 0.72) >, < x4, (0.75, 0.49, 0.01) >, < 26, (0.70, 0.01, 0.72) >); 
{< uz, (0.19, 0.12, 0.64) >, < ue, (0.75, 0.21, 0.21) >, < uz, (0.75, 0.20, 0.36) >}), 
((< x3, (0.91, 0.20, 0.01) >, < v5, (0.99, 0.49, 0.25) >, < 26, (0.75, 0.12, 0.12) >); 


{< uy, (0.96, 0.21, 0.49) >, < ua, (0.84, 0.49, 0.01) >, < ug, (0.91, 0.25, 0.49) >} 


(3) Si_wwis = Sn—-nwnusSn—nnus 38 computed as; 
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St wag = {(( 21, (0.02, 0.65, 0.76) >, < x4, (0.06, 0.82, 0.99) >, < x6, (0.02, 0.60, 0.85) >); 


{< uz, (0.10, 0.76, 0.58) >, < ua, (0.49, 0.52, 0.37) >, < uz, (0.10, 0.80, 0.44) >}), 


((< 


21, (0.20, 0.96, 0.98) >, < xs, (0.20, 0.98, 0.91) >, < x6, (0.49, 0.70, 0.99) >); 


{< uz, (0.25, 0.70, 0.91) >, < uz, (0.12, 0.79, 0.91) >, < ug, (0.20, 0.79, 0.91) >}), 
((< x2, (0.49, 0.96, 0.70) >, < x4, (0.21, 0.75, 0.19) >, < 26, (0.20, 0.75, 0.19) >); 
{< uz, (0.20, 0.75, 0.79) >, < ua, (0.12, 0.68, 0.68) >, < ug, (0.72, 0.91, 0.70) >}), 
((< x2, (0.20, 0.70, 0.99) >, < v5, (0.20, 0.75, 0.68) >, < 26, (0.12, 0.75, 0.98) >); 
{< uz, (0.25, 0.84, 0.91) >, < uz, (0.72, 0.75, 0.75) >, < ug, (0.25, 0.79, 0.68) >}), 
((< x3, (0.36, 0.91, 0.98) >, < x4, (0.25, 0.91, 0.19) >, < x6, (0.20, 0.19, 0.98) >); 
{< uz, (0.01, 0.68, 0.96) >, < ue, (0.25, 0.79, 0.79) >, < ug, (0.25, 0.70, 0.84) >}), 
((< x3, (0.49, 0.70, 0.19) >, < v5, (0.81, 0.91, 0.75) >, < 26, (0.25, 0.68, 0.68) >); 


{< uz, (0.64, 0.79, 0.91) >, < uz, (0.36, 0.91, 0.19) >, < ug, (0.49, 0.75, 0.91) >} 


(4) S?_NNHS a 2( 


Si_wnus) i8 computed as; 


So vn = {((< 21, (0.19, 0.25, 0.36) >, < x4, (0.36, 0.64, 0.81) >, < x6, (0.19, 0.04, 0.49) >); 


{<u 


, (0.36, 0.49, 0.16) >, < ua, (0.91, 0.04, 0.09) >, < us, (0.75, 0.36, 0.04) >}), 


((< 21, (0.64, 0.64, 0.81) >, < 5, (0.64, 0.64, 0.49) >, < 26, (0.91, 0.16, 0.81) >); 


{<u 


, (0.75, 0.16, 0.49) >, < ua, (0.36, 0.09, 0.49) >, < us, (0.64, 0.09, 0.49) >}), 


((< x2, (0.91, 0.64, 0.16) >, < x4, (0.51, 0.25, 0.01) >, < 26, (0.64, 0.25, 0.01) >); 


{<u 


, (0.64, 0.25, 0.09) >, < uz, (0.36, 0.04, 0.04) >, < us, (0.96, 0.49, 0.16) >}), 


((< x2, (0.64, 0.16, 0.81) >, < v5, (0.64, 0.25, 0.04) >, < 26, (0.36, 0.25, 0.64) >); 


{<u 


, (0.75, 0.36, 0.49) >, < ua, (0.96, 0.25, 0.25) >, < us, (0.75, 0.09, 0.04) >}), 


((< x3, (0.75, 0.49, 0.01) >, < x4, (0.75, 0.49, 0.01) >, < 26, (0.64, 0.01, 0.64) >); 


{<u 


, (0.19, 0.04, 0.64) >, < ua, (0.75, 0.09, 0.09) >, < us, (0.75, 0.16, 0.36) >}), 


((< x3, (0.91, 0.16, 0.01) >, < v5, (0.99, 0.49, 0.25) >, < 26, (0.75, 0.04, 0.04) >); 


{<u 


, (0.96, 0.09, 0.49) >, < ua, (0.84, 0.49, 0.01) >, < ug, (0.91, 0.25, 0.49) >} 
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(5) SS_nwags = (S'n—-nnas)* is computed as; 


S8_nwHg = {(( 21, (0.01, 0.75, 0.84) >, < x4, (0.04, 0.96, 0.99) >, < x6, (0.01, 0.36, 0.91) >); 


{< uz, (0.04, 0.91, 0.64) >, < uz, (0.49, 0.36, 0.51) >, < uz, (0.25, 0.84, 0.36) >}), 
((< x1, (0.16, 0.96, 0.99) >, < v5, (0.16, 0.96, 0.91) >, < 26, (0.49, 0.64, 0.99) >); 
{< uz, (0.25, 0.64, 0.91) >, < ue, (0.04, 0.51, 0.91) >, < ug, (0.16, 0.51, 0.91) >}), 
((< x2, (0.49, 0.96, 0.64) >, < x4, (0.09, 0.75, 0.19) >, < 26, (0.16, 0.75, 0.19) >); 
{< uz, (0.16, 0.75, 0.51) >, < ua, (0.04, 0.36, 0.36) >, < u3, (0.64, 0.91, 0.64) >}), 
((< x2, (0.16, 0.64, 0.99) >, < v5, (0.16, 0.75, 0.36) >, < 26, (0.04, 0.75, 0.96) >); 
{< ur, (0.25, 0.84, 0.91) >, < ua, (0.64, 0.75, 0.75) >, < ug, (0.25, 0.51, 0.36) >}), 
((< x3, (0.36, 0.91, 0.96) >, < x4, (0.25, 0.91, 0.19) >, < 26, (0.16, 0.19, 0.96) >): 
{< uz, (0.01, 0.36, 0.96) >, < ua, (0.25, 0.51, 0.51) >, < us, (0.25, 0.64, 0.84) >}), 
((< 3, (0.49, 0.64, 0.19) >, < v5, (0.81, 0.91, 0.75) >, < 26, (0.25, 0.36, 0.36) >); 


{< ur, (0.64, 0.51, 0.91) >, < ua, (0.36, 0.91, 0.19) >, < us, (0.49, 0.75, 0.91) >} 


3.2. Hybrid set structures 


Let Sn-nnuags an n— NNHS-set over U as; 


Sn—-NNHS = {( (< is Ts: wing 1) il Sas ayo Bi) Sy gees 1) ays @o4 LSH onhseg (x2), 


where 


Te wens Cale € 1,2) cst) TS. swig (ta) G € {1 2 et) Pons Cit € {lig 2 rts 


(0, 1], 


and 


15, wire (x2), Fes nents (x2) Pye STIn, Ts,-nnus (tn), Tso nwis (Zn), 
Eg ists (Zn) =) {< U, To uaa eS Tae. cosine cee UU) S 


Fs cwmasleieenway i) 22 CU) Wy Piven) SEX Bo X oe X en} 


19, wns (eis sey) Us Teresa esaimy Oe), Fs. cwwmalereay cei (U) € (0, 1] 


such that 


O< TS wane (xi) + Doe) oats (x4), ECR ee (x;) < 3(i € {1, Qs ee n}) 


and 


O< Dos Sis eta le pen) + Ig eatelindas aye) oF Pgs sears (Giese Ce) <3. 


Then, we have in the following hybrid set structures 


mj) € 


(1) an n—attribute Hypersoft Set(n — HS—set) Sas over U can be written as a set of ordered 
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Sn—HS =: {( ( £1, 1's, ie (x1), 0, 1— Ts,_ as (71) >< 02; Li rts (x2), 


0,1- i hee (x2) By ndg tng lg ws (an), 0, 
PTs pe ta) 2) t= OD oie Ca dee sare 3 O,b> Dg Se lees area) >: 


u€ U}): (a1, @2,...0n) € Ey x Ey x... xX En 


where 
2 hae (x4) (4 € ae 2, sy MY) € {0, 1} and Dee ce (endan saath) € {0, 1} 
(2) an n—attribute Fuzzy Hypersoft Set(n — F.HS'—set) S,—_rag over U can be written as a set of 


ordered pairs as; 


Sn—-FHS = {( (< £1503... hire (71), Op TS,r its (a1) ays £2,103, ns (x2), 


0, 1— Dg. ps (x2) Pysieds S noes eee (tn), 0, 
1 J Shapers (rn) >); {< Uu, ae Cae Re LCE 0, LS DSi cere Giantess) >: 


Wwe U}) : (21, £2, ...2n) € Fy x E> tied DS En 


where 
Ts,,rns(®i)(7 € {1, 2, ...,n}) € {0,1} and Ts, ris (wr,02,...0n)(¥) € [0,1]. 
(3) an n—attribute Intuitionistic Fuzzy Hypersoft Set(n — IF HS—set) S,_rrag over U can be 


written as a set of ordered pairs as; 


Sn-IFHS = {( (< 1,1, rus (x1), 0,1— TS,—-1eHs (x1) >< 02, TS, ans (x2), 


Opes Ts,-1FHs (x2) Pry Sn; Ts,-1eHs (Zn), 0, 
1 ~ TS. cris (Lp) ays {< U, Ts -puupetntuc ce, Cs 0, TG? yaweatee pe woh \) >: 


We U}) . (11, Xa, ali) E Fy x E> Kiss En 


FS) reg OG) € {1, 2, xen}) € {0, Ly, and Le grees tee); 


Es), rips hisesw cen) € [0, 1] 
such that 0 < De pacatne as uel yd + Bigot na ei aaa a) Sel 
(4) an n—attribute Neutrosophic Hypersoft Set(n — NHS-—set) S,_nug over U can be written as 


a set of ordered pairs as; 


Sn—-NHS = {( (< £1, 1's, nits (x1), 0, 1- Ts,-nus (71) 2,5 2; Sq ne (x2), 0, 
Ls ie angie (x2) Prey Sn; Teas (tn), 0,1 = Poy nas (tn) Zar 
{< Uu, Psa wes eis, ys sie aero lens s38s cpg) (Us Re Ce ore en | >: 


Wwe U}) : (11, Va, ..-2n) E Ey x Ep» Keri En 
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where 
FS tie S11, 2) eo AOs lh 
and 
TS co waleupacntn te): Bigs Sei ce cea ey FS tala tateen € (0, 1] 
such that 
O< Gina eicae cee) aT Ls Re atenms ce KU) a Hist eet airmen nea yl) <3. 
(5) a Fuzzy Valued n—attribute Hypersoft Set(n — FHS—set) S,—rrg over U can be written as a 


set of ordered pairs as; 


Sn—-FHS = {( (< 21,13, ris (x1), 0,1 — Ts. ee (1) >, < @2,Ts,_ rus (x2), 
Oy ta Dg eiys (x2) Pye <n Loy ps (tn), 0, 
1s Tig Jeg (rn) >), {< U, Ti es ell ats eae 1) Ovl = db er Ca ee aC) >: 


Wwe U}) . (11,22, ..-2n) E Fy x E> KX. X En 


where 
Pee ee Bat © 1G 24h S10, 1) and Te, pee es cau) = {0,1} 
(6) a Fuzzy Valued n—attribute Fuzzy Hypersoft Set(n — FF HS—set) S,-rrys over U can be 


written as a set of ordered pairs as; 


Sn—-FFHS = {\ (< v1, a a deire (1), 0, re ey gipeg (x1) ays Bohs eate (x2), 


0, 1— De. Seetis (x2) Pye Sn, Tigi (rn), 0, 
d= Ts,,-rrus (2n) =); {= U, Te ates a eatiaty teats 0, 1- Tes Jo take bose) >: 


WE U}) : (1, XQ, ..-Ln) €E Fy x FE» A 0 OS En 


where 
So Speirs (a4) (i € hs 2, sony 10}) € (0, 1] and TG. pvieiotey es neh (U) € (0, 1). 
(7) a Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set(n — FIF HS-—set) S,_rrrus 


over U can be written as a set of ordered pairs as; 


Sn—FIFHS = {\ (< v1, i pare (x1), 0;1- DSi tire (x1) P< £2,135, pres (x2), 


0;L> ‘eee ee (x2) Prey SIn; a mingwes (tn), 0, 
1- US ier aus (Ln) >); {< U, LG arse al (ah eanlaa yl) 0, BO erecta eh) >: 


Wwe U}) : (21, £2, ..-Ln) E Ey x E> leech, En 


TS, rirHs (a4) (i € {1, Qe; n}) € (0, 1], and Ss mente abs ce) 


DG paceman ta) € (0, 1] 
such that 
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OS 7e 3 eae) = tS 2h) 
and 
O< Te sraugtaen sey) + Fs opree@neanue V0) <1. 
(8) a Fuzzy Valued n—attribute Neutrosophic Hypersoft Set(n — FNHS—set) S,-rnag over U 


can be written as a set of ordered pairs as; 


Sn-FNHS = {( ie v1,1s,_pnus (#1); 0,1— Ts, rnus (1) ays r2,T's,,_pnus (x2), 0, 
L—Ts,0 hn (x2) Sy < 2n, Ts, ena (tn), Os sens (tn) >) 
{< te ene Gisha ue t)s Iss "anne @uwaiwe) th)! saan seat) >: 


Ue U}) : (x1, X2, 2H) E Ey x E» XK... XK En} 


where 
Ts,_ pnng(%i)(t € {1, 2,...,2}) € [0,1] 
and 
iS ekers sey tae, mene) Tesoro yesame ny!) Fey sire Giaieecna) € (0, 1) 
such that 
O<Ts,_rnus (xi) < 1 € ple 2, 251} ) 
and 
O< LS ioRrenralame uae) + DSc Oa, wit Oe) a He pwislermaneye) <3. 

(9) an Intuitionistic Fuzzy Valued n—attribute Hypersoft Set(n — IF HS—set) S,-rrHs5 over U 


can be written as a set of ordered pairs as; 


Sn-IFHS = {\ (< 21,13, swe (71), 0, Fs, rus (71) Ay< £2, T's, rris (x2), 
0, Fs. rrirs (x2) Pye SIn, TS,.trHs (tn), 0, 
Lane (2n) >), {< U, Dee dee Ca toy men 0,1— TG. vee ail gata coten (EU) >: 


Wwe U}) 7 (11, 2, ..-2n) E Ey x E> XM iat Bn} 


Ts, reus(ti)(@ € {1,2,..,n}), Fos, pens(ti)@ € {1,2,..,n}) © [0,1], and 
Ts, re s(31,02,..0n)(U) € {0,1} 
such that 
0< Ts, pens (Ui) + Fs, seus (@i) < 1 © {1,2,..., n}). 
(10) an Intuitionistic Fuzzy Valued n—attribute Fuzzy Hypersoft Set(n — IF FHS—set) S,_rrrus 


over U can be written as a set of ordered pairs as; 
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Sn-IFFHS = {\ (= £1, 1S, 17rn8 (ti) 0 Fe. varie (71) ays vo,Ts,_ reruns (x2), 
0, Ps cere rs (x2) Pye SIn, TS,—-1erHS (tn), 0, 
US: cipping (In) ear {< U, TG hha acct Vt) s 0, Ls Tg. ep palapica jl) >: 


WE U}) : (11,22, ..-2n) € By x Box... X En} 


where 
T Si ier Hs (x4) (a € {1 25s..9)), Fs. gree ds(@a)@ € {25 2eg te) € (0, i, and 
Toe paste ia cme) € (0, 1] 
such that 
O< Ts, crrrirs (xi) Sy erpe (x3) < 1(i € {1, 2, vies Uf) 
and 
O< TGs ca ushee (anit tay) <1. 
(11) an Intuitionistic Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set(n — 


IFIFHS-set) S,-1e1rHg over U can be written as a set of ordered pairs as; 


Sn-IFIFHS = {\ (< 71, TS, etre (x1), 0, ES: per puis (71) >< £2, ES), opie HS (x2), 
0, Fg, cere (x2) Pye SIn, 29s yeeees (tn), 0, 
Ho atpeeere (er) >) {< U, [Eee oe ee ee 0, Bey. teeiste ieee) >: 


Wwe U}) : (a1, 22, ..-Ln) E Ey x E> XK. X En 


where 
ES. Seeing bit € qe 2a cast) HG Apmis aye € qs 2j 5) € (0, 1], and 
Tie ester arg ar cay Ch) ee oe ea) € (0, 1] 
such that 
O< TS crpreys (zi) + Fs. FevknS (xi) < 1(i € ee 2, 1 }) 
and 
O< Tigi om perdnuas ea) ots Ps... inn cenin eeu) <1. 
(12) an Intuitionistic Fuzzy Valued n—attribute Neutrosophic Hypersoft Set(n — IF NHS —set) 


Sn—1rrNus over U can be written as a set of ordered pairs as; 


Sn-IFNHS = {( (< T1, Ls, yen us (x1), 0, FS, rewire (x1) >< 02; Ts, eng (x2), 0, 


ES ends (x2) Pye SIn, TS. eniis (tn), 0, Fg sews (tn) =) 
{< U, Deven nanan) (u), Dees oneeee tite ies Ct) Do har pata ysl) (u) >: 


u €U}): (a1, @2,...0n) € Ey x Ey x... xX En 


where 


Se aeugtes (x4) (a € qlee; ate) Fe ata Fa) @ € yes gt) € (0, 1), 
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and 
te RTS CHP ere Cae LE ee ee eee ea Hs dune niga Ve € (0, 1] 
such that 
O< TS irene (xi) oF Fs, ewan (z:) < 1(i € 1 2, sssy 1) 
and 
O< Toi Vee stavamuas ye) a CMe Can eee ALCS, 7 Fe cus ees nani) <3. 
(13) a Neutrosophic Valued n—attribute Hypersoft Set(n — NHS~—set) S,-nag over U can be 


written as a set of ordered pairs as; 


Sn-NHS = {( (< £1; 1's.,.wws (x1), Tg, irs (71), Fig. ne (71) >< 02, Usn-nie (x2), 
IS, apes (x2), Fg, ats (x2) Pry SEn; Top cqeabe (fn), Te eae (fn); 
LS. apie (n) 5 {< U, TES net See apart bee 00) 0, t= Tig gh atny as Cage aC) >t 


WE U}) : (41, XQ, ..-2n) € By x Box... X Ea} 


where 
Ts, wae (@i)(i € {1,2,...,2}), Ls, vie (@i) (i € {1,2,...,2}), Fs, vig (ai) (i € {1,2,...,n}) € 
(0,4) -arid Ts. atte es, ey 64.0, 1} 
such that 
0< Ts, yas (®i) +15, yas (®i), Fs,_ nas (i) < 3(¢ € {1,2,..., n}). 
(14) a Neutrosophic Valued n—attribute Fuzzy Hypersoft Set(n — NF HS-set) S,p-nrus over U 


can be written as a set of ordered pairs as; 


Sn—-NFHS = {( (< 1,1, _nrus (x1), Is, ones (x1), TES erg (21) >< £2, TS5 NES (x2), 
1 S..o5Bive (x2), Foy opis (x2) Pye SIn, LS. wees (rn), Is, news (tn), 
Be ones (tn) >); {< U, MD cna acen CO)s 0,1 — Figs ees layaeaaae CN) >: 


Uwe U}) : (#1, £2, ...2n) E Ey x E> Mees KR En} 


where 
df eee € ql Qe any 5 dist phy) € iy 2a niga), PS a Gt € 
A 2, Laeh) € (0, iF and ES oe eee Ces ec a OL) € (0, 1] 


such that 

O< TSionris (Cz) + Ise wees (xi), Psy Neus (xi) < 3(i € 1s 2, nen U):) 
and 

O< Wise cwatraceimenaeey el) <1. 


(15) a Neutrosophic Valued n—attribute Intuitionistic Fuzzy Hypersoft Set(n — NIFHS-—set) 


Sn—NiFHS over U can be written as a set of ordered pairs as; 
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Sn—-NIFHS = {( (< 1,18, _nirus (i) Tee. cepages (eid e2'S,, wanes (21) >< 2; Ts. wires (x2), 


TS 5 ch ee (x2), Eiger (x2) Py Sn, De ineeere (tn), Eos hee (Zn), 
Hs” wikirs (Zn) >) 1a U, Diss, algeeiee enya died (u), 0, Fig. wennsteigayccn,) UH) >: 


WE U}) ‘ (11, X2, in) € By x Box... x En 


Tg, acing Pa) t € {1 2yny), 1S) wipe ti) € Hi eetg eh) Piste sora glee € 
{1, 2,...,n}) € [0, 1], and Seen cee eC Tighe! pal tea eca sean yt) € [0, 1] 
such that 


O< TS nets (xi) a IS, wrens (zi), Fgn nrrits (z:) < 3(i € ee 2, ae) 


and 


O< LS wrmmeltecmncmey th) oF Gs amerstanstia ae) St 


3.3. NPNSS-aggregation operator 


Definition 3.16. Let U be a universe, N.S(U) be the set of all neutrosophic soft sets on U, E be a set 
of attributes that are describe the elements of U, FE; C E(i € {1,2,...,n}) be ¢ set of attributes such 
that E; E; 4 0, for alli 4 j, and i,j € {1,2,...,n} and N(£;) be the set of all neutrosophic set on 
E;. Also, let Spn-nnyg be any an — NNHS-set. Then NNHS-aggregation operator of Sp_nnus, 
denoted by NN HA Sagq, is defined by 


NNHSagq : (N(E1) X N(Ea) X 1. x N(En)) x NS(U) + F(U) 


NPNSSagg(N(Fi1) x N(E2) x ... X N(En), NS(U)) = S* 
where 
S* = {y1s(u)/u: we U} 
which is a fuzzy set over U. The set S* is called aggregate fuzzy set of the S,_nvnus. 


In here, the membership degree jig«(u) of u is computed as follows 


1 
Lus«(u) = Sc(N(21, £2, ..-€n)) SCN (x, ,x9,...a,) (U)) 
2.| Fy x Eo xX... X E,| wee, ee Paes ) 


where 
Se(N(x1, r2, risen) = Ce eters (11; r2, En) +1, on wing (x1, v2, En) Ss inte (x1, 2, -En)|), 
DEON Gey cers wat) 8) 7 


(Ps ve sGa an oes Ce) a LS Sexi ca aye w) _ Pies Ai a (36 Geren te VUE) Ns 


|E, x Eg x... X E,| is the cardinality of Fy x Ey x... x En 
and where 


L sciopae (v1, v2, Ln) = Sl Ss seat (71), De Gena (x2), bas) ig nats (tn)), 
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Le ee (1, r2, ena) 7 the cingiee (x1), Ts) sontire (x2), #255 ESS opstenG (tn)) 


and 


ES cNN HS (24; v2, En) = CPS: Laenid (1), Fs, n nite (x2), tees PS eon Wits (tn)) 


3.4. Algorithm 


Let U be a universe set and F be a attributes set such that FE; C E(t = 1,2,...,n) that are described 
by the elements of U. The algorithm for the solution is given below; 

Step 1: Construct feasible ann — NNHS~—set S,—nnus over U, 

Step 2: Find the aggregate fuzzy set S* of S,_nwnus; 

Step 3: Find the largest membership grade mazx{us~ (uw): ue U}. 


—-NNHS 


Example 3.17. Let U = {ui,u2,u3} be a universe, Fy, Bo,E3 C E = {21,22,%3,%4,%5,06} be 


attributes sets such that 


E, = Foreign language = {z, = English, v2 = French, «3 = German} 

E, = Work experience = {14 = computer, x5 = E-marketing} 

E3;= Nationality = {ag = Turkish} 
and let us consider the t-norm t(a,b) = a.b and s-norm s(a,b) = a+b—a.b. Then, suppose that a 
company’s board of directors plans to get an expert personal for online trading the during COVID-19 
pandemic. The process is summarized based on n — NN HS-sets as follows; 


Step 1: We constructed feasible a 3 —- NNHS-—set S3_nnuysg over U as, 


S3_NNHS = {(( x1, (0.1, 0.5, 0.4) >, < x4, (0.2, 0.8, 0.9) >, < x6, (0.1, 0.2, 0.7) >); 


{< uy, (0.2, 0.7,0.4) >, < ug, (0.7, 0.2, 0.3) >, < us, (0.5, 0.6, 0.2) >}), 
((< a1, (0.4, 0.8, 0.9) >, < 25, (0.4, 0.8, 0.7) >, < x6, (0.7, 0.4, 0.9) >); 
{< uy, (0.5, 0.4, 0.7) >, < ue, (0.2, 0.3, 0.7) >, < ug, (0.4, 0.3, 0.7) >}), 
((< 22, (0.7, 0.8, 0.4) >, < x4, (0.3, 0.5,0.1) >, < x6, (0.4,0.5,0.1) >); 
{< uy, (0.4, 0.5, 0.3) >, < ua, (0.2, 0.2, 0.2) >, < uz, (0.8, 0.7, 0.4) >}), 
((< 2, (0.4, 0.4, 0.9) >, < 25, (0.4, 0.5, 0.2) >, < x6, (0.2, 0.5, 0.8) >); 
{< uy, (0.5, 0.6, 0.7) >, < ug, (0.8, 0.5, 0.5) >, < us, (0.5, 0.3, 0.2) >}), 
((< a3, (0.6, 0.7, 0.8) >, < va, (0.5, 0.7, 0.1) >, < xg, (0.4, 0.1, 0.8) >); 
{< uy, (0.1, 0.2, 0.8) >, < ug, (0.5, 0.3, 0.3) >, < us, (0.5, 0.4, 0.6) >}), 
((< 23, (0.7, 0.4, 0.1) >, < 25, (0.9, 0.7,0.5) >, < x6, (0.5, 0.2, 0.2) >); 


{< uz, (0.8, 0.3, 0.7) >, < us, (0.6, 0.7, 0.1) >, < ug, (0.7, 0.5, 0.7) >yh 


Step 2:We found the aggregate fuzzy set S* of Sn_nnus as, 


S*_ywarg = {t1/0-1581, uz /0.2139, uz /0.2001} 
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Step 3: Finally, since the uz has the largest membership grade, it is the best expert personal for 


online trading on U. 


4. Conclusion 


In this study, hybrid set structure with hypersoft sets under uncertainty, vagueness and indeter- 
minacy, called neutrosophic valued n—attribute neutrosophic hypersoft set, which is a combination of 
neutrosophic sets and hypersoft sets was presented. The neutrosophic valued n—attribute neu- 
trosophic hypersoft set (n — NN HS —set) generalizes the following hybrid sets as; n—attribute Hyper- 
soft Set, n—attribute Fuzzy Hypersoft Set, n—attribute Intuitionistic Fuzzy Hypersoft Set, n—attribute 
Neutrosophic Hypersoft Set , Fuzzy Valued n—attribute Hypersoft Set, Fuzzy Valued n—attribute Fuzzy 
Hypersoft Set, Fuzzy Valued n—attribute Intuitionistic Fuzzy Hypersoft Set, Fuzzy Valued n—attribute 
Neutrosophic Hypersoft Set, Intuitionistic Fuzzy Valued n—attribute Hypersoft Set, Intuitionistic Fuzzy 
Valued n—attribute Fuzzy Hypersoft Set, Intuitionistic Fuzzy Valued n—attribute Intuitionistic Fuzzy 
Hypersoft Set, Intuitionistic Fuzzy Valued n—attribute Neutrosophic Hypersoft Set, Neutrosophic Val- 
ued n—attribute Hypersoft Set, Neutrosophic Valued n—attribute Fuzzy Hypersoft Set, Neutrosophic 
Valued n—attribute Intuitionistic Fuzzy Hypersoft Set, neutrosophic parameterized neutrosophic soft 
sets [13], and so on. Then, some definitions and operations on n — NNHS-—set and some properties 
of the sets which are connected to operations have been given. Finally, a decision making method on 
the n — NNHS‘—set to show that this method can be successfully worked was developed. In the future 
works, n — NNHS-—sets can be expanded with new research subjects as; Matrices, neutrosophic num- 
bers and arithmetical operations, relational structures, relational equations, entropy, similarity measure, 
distance measuress, orderings, probability, logical operations, programming, implicators, multi-valued 
mappings, mathematical morphology, algebraic structures, models, topology, cognitive maps, matrix, 
graph, fusion rules, relational maps, relational databases, image processing, linguistic variables, deci- 
sion making based on VIKOR, TOPSIS, AHP and ELECTRE T-II-III, preference structures, expert 
systems, reliability theory, soft computing techniques, game theory and so on. 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design 
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or 


in the decision to publish the results. 
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Fuzzy Hypersoft Sets and It’s Application to 


Decision-Making 
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Abstract: Multi-criteria decision-making (MCDM) is concerned with coordinating and taking care 
of matters of preference and preparation, including multi-criteria. Fuzzy soft set environments 
cannot be used to solve certain types of problems if attributes are more than one and further 
bifurcated. Therefore, there was a serious need to identify a new approach to solve such problems, 
so a new setting, namely the Fuzzy Hypersoft Sets (FHSS), is established for this reason. In this 
paper, we introduced some notions like union, intersection, subset, equal set, complement, null set, 
absolute set etc. of Fuzzy Hypersoft sets. The study has been enriched with many suitable 
examples to support the accuracy of the defined concepts. We also present an object recognition 
system from an imprecise data on a multiobserver. Decision-making system involves the construct 


of Comparison Table from a fuzzy hypersoft set in a parametric sense for decision-making. 


Keywords: Soft sets, fuzzy sets, Hypersoft sets, Fuzzy hypersoft sets, Decision-making problem. 


1. Introduction 


Numerous complicated problems include unclear data in social sciences, economics, medical 
sciences, engineering and other fields. These problems, with which one is faced in life, cannot be 
solved classical mathematical tools. In classical mathematics, a model is designed and the exact 
solution of this model is calculated. However, if the given situation contains uncertainty, solving 
this model with classical mathematical method is very complex. Fuzzy set theory [1], rough set 
theory [2] and other theories have been described to solve situations involving uncertainty. The 
fuzzy set theory introduced by Zadeh has become very popular for uncertainty problems and has 
been a suitable construct for representing uncertain concepts as it allows for the partial 
membership function. Mathematicians and computer scientists have worked on fuzzy sets and 
over the years many useful applications of fuzzy set structure have emerged such as fuzzy control 


systems, fuzzy automata, fuzzy logic, fuzzy topology. 
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some structural difficulties of fuzzy set theory and other theories, as Molodtsov |3] introduced 
in 1999 when he presented the idea of soft set theory which is a completely new approach to 
modeling uncertainty. Further generalizations and extensions have been the subject of many 
efforts of the soft sets of Molodtsov. Maji et al. by combining the fuzzy set and soft set 
structure, it has created the fuzzy soft cluster structure, which is a hybrid structure. In other 
words, a degree is added to the parameterisation of fuzzy sets when defining a fuzzy soft set. 
The fuzzy soft set structure, which is a combination of soft set structure and fuzzy set structure, 
has been actively used by researchers and many studies have been added to the literature [5}8}. 
As a result of the intense interest of researchers in this subject, important developments 
have been realized regarding the use of fuzzy soft set structure in decision-making problems. 
Because the definition of unreal objects in soft sets is not restricted, researchers can choose the 
parameter format they need, which greatly simplifies the decision-making process and makes it 
more efficient when partial information is missing. Soft sets used Maji and Roy (9| for the first 
time in decision-making problems. Chen described the reduction of the parameterisation 
of the soft set and discussed its application of the problem of decision-making. Cagman and 
Enginoglu discussed theory of soft matrix and uni-int decision-making, choosing a 
collection of optimal elements from various alternatives. Studies on decision-making problems 
have taken place widely in the literature and have been studied by many researchers ([13}23}. 

Smarandache introduced new technique handling uncertainty. By transforming the func- 
tionality into a multi-decision function, he generalized the soft set to hypersoft set. Although 
Hypersoft set theory is more recent, it has attracted great attention from researchers (25}{30). 

In this paper, we have defined some basic concepts such as subset, equal set, union, inter- 
section, complement, null set, absolute set, AND, OR operations on the fuzzy hypersoft set 
structure. We also applied fuzzy hypersoft sets to solve the decision-making problem. We 
have presented an appropriate decision problem by applying Roy and Maji’s method to 
fuzzy hypersoft sets. This study has the basic study feature in which the fuzzy hypersoft set 


structure is introduced. Therefore plays an important role for many subsequent studies. 


2. Preliminaries 


Definition 2.1. Let U be a initial universe. A fuzzy set A in U, A = {(u, ua(u)) : ue US, 
where wa : U - [0,1] is the membership function of the fuzzy set A; ua(u) € [0,1] is the 
membership u € U in A. The set of all fuzzy sets ove U will be denoted by F'P(U). 


Definition 2.2. Let U be an initial universe and E be a set of parameters. A pair (PF, E) 
is called a soft set over U, where F' is a mapping F’ : E — P(U). In other words, the soft set 


is a parameterized family of subsets of the set U. 
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Definition 2.3. [4|Let U be a initial universe, FE be a set of parameters and F'P(U) be the set 
of all fuzzy sets in U. Then a pair (f, F) is called a fuzzy soft set over U, where f : EF > FP(U) 


is a Mapping. 


Definition 2.4. Let U be the universal set and P(U) be the power set of U. Consider 
€1, €2, €3, «5 En for n > 1, be n well-defined attributes, whose corresponding attribute values are 
resspectively the sets EF), Fo,...,En with Ej; E; = 0, for i # j and i,j € {1,2,...,n}, then the 
pair (0, FE, x E)x...x Ey) is said to be Hypersoft set over U where 0 : Ey x F2x...x Ey, > P(U). 


3. Fuzzy Hypersoft Sets 


Definition 3.1. Let U be the universal set and F P(U) be a family of all fuzzy set over U and 
Ey, Eo,...,E, the pairwise disjoint sets of parameters. Let A; be the nonempty subset of EF; 
for each i = 1,2,...,n. A fuzzy hypersoft set defined as the pair (0, A; x Ag x ... x An) where; 
©: A, x Ag x... X An > FP(U) and 


O(Ay x Ap x... X An) = {< u, O(a)(u) >: ue U,a € Ay x Ag x... X An C Ey x Eo x... x En} 


For sake of simplicity, we write the symbols © for FE) x Eo x... x E,, TI for Ay x Ag x... x An 
and qa for an element of the set I. The set of all fuzzy hypersoft sets over U will be denoted 


by FHS(U,™). Here after, FHS will be used for short instead of fuzzy hypersoft sets. 


Definition 3.2. i) A fuzzy hypersoft set (0,I) over the universe U is said to be null fuzzy 
hypersoft set and denoted by 0(u,,,,n) if for all ue U ande ET, O(e)(u) = 0. 

ii) A fuzzy hypersoft set (O,T) over the universe U is said to be absolute fuzzy hypersoft 
set and denoted by 1y,,,,,n) if for allu ¢ U ande €T, O(e)(u) = 1. 


Example 3.3. Let U be the set of computers given as U = {u1,u2,u3} also consider the set 


of attributes given as; 


E, = CPU Type = {Amd(a}), Intel(a2)} 
E, = Case Size = {Mid Tower(,), Full Tower(G2), Compact Case((3) } 
E3; = Hard Drive = {1TB(1), 512GB( 72), 256GB(y3) } 


Suppose that 


Aj {az}, Ap a {B2, 3}, A3 — {71,2} 
By = {a1,a2}, Be = {F1, G2}, Bs = {nm} 
are subset of F; for each 7 = 1, 2,3. Then the fuzzy hypersoft sets (0,,T,) and (O2,T2) defined 


as follows; 
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(01,11) = < (a2, 82,71), {a3 oat > _ (a2, G2, 72); {oo 
< (a2, 83,71); ae ort >; < (a2, 83,72), 


sp 
fan 
=|s ae 
ho 
Ole 
ae =|§ 
V “~~ 
V 
—SS 


{og (3 
_ | <a 2n 1) 45: oe oy < (01,02; 71)s toa: _ >; 
(©2,P2) = meets 
< (a9, 71,71), a4) TRS P< (02, F2,11), 155) Teh > 
Corollary 3.4. It is clear that each fuzzy hypersoft set is also fuzzy soft set. An example of 


this situation is provided below. 


Example 3.5. We consider that Example{3.3| If we select the parameters from a single 
attribute set such as FE, while creating the fuzzy hypersoft set, then the resulting set becomes 
the fuzzy soft set. Therefore, it is clear that each fuzzy hypersoft set is also fuzzy soft set.That 


is, the fuzzy hypersoft set structure is the generalized version of the fuzzy soft sets. 


Definition 3.6. Let U be an initial universe set (01,11), (OQ2,T2) be two fuzzy hypersoft sets 
over the universe U. We say that (01,11) is a fuzzy hypersoft subset of (Q2,[2) and denote 
(©1,11)E (Oe, 12) if 

i) T, CT 

ii) For any ¢ €T), Oy(e) C Od(e). 


Definition 3.7. Let U be an initial universe set (01,11), (Q2,P2) be two fuzzy hypersoft 
sets over the universe U. We say that (01,1) is fuzzy hypersoft equal to (02,2) and denote 
(01,11)=(@2,T2) if (01,11) is a fuzzy hypersoft subset of (02,T2) and (O2,T2) is a fuzzy 
hypersoft subset of (01,1). 


Theorem 3.8. Let U be an initial universe set and (01,11), (Q2,P2), (03,13) be fuzzy hyper- 
soft sets over the universe U. Then, 

i) (0, P1)Slpr, 5); 

ti) OU py. s)C(O,T1), 

iii) (01,11)C(O2,P2) and (@2,P2)C(O3,P3) > (01,11) (03,13). 


Proof. Straightforward. 


Definition 3.9. The complement of fuzzy hypersoft set (O,IT) over the universe U is denoted 
by (0,T)° and defined as (0,T)° = (O°,T), where O°(e) is complement of the set O(e€), for 
eer. 


Example 3.10. According to Example{3.3| consider the fuzzy hypersoft set (Q1,I,) over the 


universe U = {u1, ua, u3}. 
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(Q; Th = < (a2, 82,71); {55> 0 oat >< (a2, 62,72), {oa . >, 
’ < (a2, 83,71). { #5, eb} gee (a2, 63, 72), {i a sy ’ 


Then the complement of (0;,1;) is written as; 


(a2, 62,91), ot de Th >> < (2, 82,72), 1a 
< (a2, 63,91), {oa Past > < (a2, Bs, 72); 4, 8g, a) 
Theorem 3.11. Let (0,T) be any fuzzy hypersoft set over the universe U. Then, 
i) ((9,T)*)° = (©,P) 
tt) Ovens) = Urn) 


wii) LU) = Orn) 


(01,T1)° = i 


Proof. Proofs are trivial. 


Definition 3.12. Let U be an initial universe set and (01,1), (Q2, [2) be two fuzzy hypersoft 
sets over the universe U. The union of (01,11) and (92, F2) is denoted by (01,1 )U(@2,T2) = 
(O3, Ts) where [3 = TP, UI and 


O1(e) if €€ IT, -—To9 
O3(€) = ¢ Od(e) if e€T,—-Ty 
max{ O1(e), O2(e)} if eE€ Ty, nls 


Theorem 3.13. Let U be an initial universe set and (01,11), (92,02), (03,13) be two fuzzy 
hypersoft sets over the universe U Then; 
i) (01, T1)U(01, 01) = (01,01) 
ii) OW pnd) U(@1,T1) = (01,11) 
tt) (01, T1)U1L Gp ye) = LU ped) 
©2,T2) = (O2,T2)U(01,11) 
U(G2,T2)) U(O3,P3) = (01, 11)U (G2, P2)U(@3, T's) 


Proof. Proofs are trivial. 


Definition 3.14. Let U be an initial universe set and (01,11), (02,2) be fuzzy hypersoft sets 
over the universe U. The intersection of (91,11) and (92, T2) is denoted by (01, T1)A(©2,T2) = 
(O3,13) where [3 = 1; NT 2 and each ¢ €T3, O3(€)(u) = min{ O1(e)(w), O2(e)(u)}. 


Theorem 3.15. Let U be an initial universe set and (01,11), (Q2,T2), (03,13) be fuzzy hy- 
persoft sets over the universe U. Then; 
9) (01,01)N (Oi,h i) = (01,11) 
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ii) OU py,S) A(@1,T1) = OW py,) 

oy] (O10) Moran s) = (01,11) 

A(@2,T 2) = (O2,T2)A(O1, 14) 

O2,T2)) A(O3, 03) = (01, P1)A ((@2, P2)A(O3, P3)) 


Proof. Proofs are trivial. 


Definition 3.16. Let U be an initial universe set and (Q1,T1),(©92,T2) be two fuzzy hy- 
persoft sets over the universe U. The difference of (01,11) and (02,12) is denoted by 
(01,1 1)\(O2,02) = (03,13) and is defined by (01,T1)A(G2,P'2)° = (@3,1'3) where T3 = 
Ty, Ul, 


Example 3.17. We consider that attributes in Example{3.3] Then the fuzzy hypersoft sets 
(01,11) and (©;,1) defined as follows; 


(01,7) = 4 ~ (02) P2: 11) tos oat >) < (02) B22), fa5, is bi) >, 
< (a2, 83,71); {og wy 5 (a2, 63, 72), {54 ash > ’ 
(Oo,P2) = < (a1, 61,71), {oa gh >) < (01, F211), {53 ne = 
< (a2, 61,71); {a7 ast >< (a2, 62,71), (8, ort > 
The union, intersection and difference operator of above IFHSS is written as; 


< (a2, 62,71), \aa BOR OTS >< (a2, 62,72), {oo H 

< (a2, 63,7 1), 424, ort ai (a 2; 83, 2); {o> a3} 

< (a1, 61,71), {os Teh > < (1, F211), {5% Teh 
< (a2, Ai, ‘) {oy oR > 


(O1, T',)U(®2, T2) — 


(01, 11)A(O2, 2) = {< < (a2, B2,N1); ow! a > 
3 


aa) >, < (a2, 82,72), (35, 3, BY} > | 
Loe a grt >< (a2, 63, 72), {oa ast o 


Theorem 3.18. Let U be an initial universe set (01,11), (O2,P2) be fuzzy hypersoft sets over 


(a2, 82,71); 


(O1,91)\(@2,P2) = 1 <S < (a2, 63,1); 


Des 


the universe U. Then De-Morgan Laws are hold. 
i) ((01,11)U(@2,T2))* = (O1,T1)A(@2, P2)° 
ti)((O1,T1)A(@2,T'2))° = (01, P1)°U(O2, P2)° 


Proof. We only prove ((01,1';)U(@2,P'2))* = (01, 11)°A(@2, P2)*. The other properties can be 
similarly proved. Suppose that ((01,1°,)U(@2,T'2))° = (K,T1 UP2) and (01,11)°A(@2,T2)° = 
(7,0, UT). For any ¢ € ©; NT 2, we consider the following cases. 

Case 1: ¢ € Ty —T9. Then K(e) = Of(€) = I(e). 
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Case 2: « € [2 —Ty. Then K(e) = O§(e) = I(e). 

Case 3: ¢ € Fy NT. Then K(e) — (Fe, () (wu) M Fe, (c) (U4), Pey(c)(U) U 9@5(c) (u)) = Of (e) fa 
O§(e) = Ie). 

Therefore, K and I are same operators, and so ((91,11)U(@2,T2))° = (O1,T1)°A(@2, P2)°. 


Definition 3.19. Let U be an initial universe set and (01,11), (O2,F2) be fuzzy hypersoft 
sets over the universe U. The ”AND” operation on them is denoted by (01,11) A (O2,T2) = 
(Y,T1 x I'2) is given as; 

(Y,T1 x Te) = {(e1, €2), < u, T(e1, €2)(u) >: u € U, (€1,€2) €T1 x Tg} 


where 
Y(€1, €2)(u) = {< u, min {©1(€1)(u), O2(€2)(u)} >} 
Definition 3.20. Let U be an initial universe set and (01,1 )),(Q2,T2) be fuzzy hypersoft 
sets over the universe U. The ”OR” operation on them is denoted by (01,11) V (02,2) = 
(Y,T x T'2) is given as; 
(Y,T1 x Pe) = {(e1, €2), < u, T(E1, €2)(u) >: u € U, (€1,€2) €T1 x T2} 


where 


T(e1, €2)(u) = {< u, max {O1(€1)(u), O2(E2)(u)} >} 


Theorem 3.21. Let U be an initial universe set and (01,11), (Q2, 2), (03,13) be fuzzy hy- 
persoft sets over the universe U. Then; 

i) (01,11) V [(O2,P2) V (O3,Ts)] = [(O1, 11) V (G2, F2)] V (83, Fs) 

ti) (01,11) A [(O2, 2) A (63, 13)] = [(01,T1) A (O82, F2)] A (03,13) 


Proof. Straightforward. 


Theorem 3.22. Let U be an initial universe set and (01,11), (O2,T2) be fuzzy hypersoft sets 
over the universe U Then; 

i) [((O1,T1) V (O2,T2)|* = (O1,P1)* A (G2, P'2)° 

ti) (01,11) A (C2, T2)|° = (O1,T1)° V (C2, T2)°. 


Proof. We only prove (i). The other properties can be similarly proved. 
For all (€1,€2) €T, x Tg and u € U, 
(01,01) V (©2,P2) = {<u,max {01 (€1)(u), O2(€2)(u)} >}, 
[(O1,T1) V (O2,T2)© = {<u,1— max {01 (€1)(u), O2(€2)(u)} >} 
=, (Pantene tesa aS) 
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On the other hand, 


(Q1,01)° = {<u,1—O1(e1)(u) >: u € U,e1 € Ti} 
(Og, ['2)° = {< u, 1 — O2(€2)(u) >:u € U,60 € T>} 


Then, 


(@;,T1)* x (Oo, Pa)? = {< u, min {1 = O1(€1)(u), 1-— O2(€2)(u) } >} 
= [(01,T1) v (©2,T.)}° 


Hence, [(91,11) V (Q2,T'2)|° = (01, T1)° A (C2, T2)° is obtained. 


Example 3.23. We consider that attributes in Example{3.3] Then the fuzzy hypersoft sets 
(01,11) and (62,12) defined as follows; 


(9,,T1) -1 <5 (a2, 62,71); {55> oat >, < (a2, 82,72), {oa a sit a 
< (a2, 83,11), {og oF} >) < (a2, 83,72), {04> oe} > ’ 
(0, T2) = o (a1, 61,71), {oa ort >< (a1, 62,71), {53 nee | 
< (a2, 51,71); {e saat y= (Osha); {8 os 


Let’s assume (a2, 82,71) = m1, (@2, 82, Y2) = N2,(a2, 83,71) = n3,(@2, 83, 2) = ma in (01,11) 
and (a1, 81,71) = k1,(a1, 82,71) = ke,(a2, 61,71) = ks, (a2, 82,91) = ka in (02,P 2) for easier 


operation. The tabular forms of these sets are as follows. 


(01,01) ur ug us 
m 0,3 0,4 0 
mw 0,2 05 0,1 
"3 0,6 O 0,7 
n4 0 0,4 0,5 

Table 1: Tabular form of FHSS (©,,T)) 


and 
(O2,P2) uw ug us 
ky 0,4 0 0,7 
kg 0 0,3 0,6 
kg 0,7 O 0,8 
ka 0 0,5 0,7 
Table 2: Tabular form of FHSS (O92, T2) 
Then the ” AND” and ”OR” operations of these sets are given as below. 
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(01,01) A (©2,T2) ur ug us 


eee 03 0 0 
ne 0 03 0 
ee 03 0 0 
necks 0 0,4 0 
Fe 02 0 01 
Wa Re 0 0,3 01 
ae Oo! 0) 04 
ipa he Oe: Ok Od 
eae 0,4 0 0,7 
vig Ske O> 10: 0.6 
rea 0,6 0 0,7 
ae O2 0.0? 
na Xx ky Oy 0." 1,5 
i Res 0 0,3 0,5 
ie es 0 0 05 
ee 0 0,4 0,5 


Table 3: Tabular forn of FHSS (01,11) A (@2,T2) 
(01,11) V (Qo, T2) U4 U2 U3 


m Xx ky 0,4 0,4 0,7 
m Xx ke 0,3 0,4 0,6 
m x kg 0,7 0,4 0,8 
mx ka 0,3 0,5. 0,7 
no x ky 0,4 0,5 0,7 
nz x ke 0,2 0,5 0,6 
no x kg 0,7 0,5 0,8 
no x kg 0,2 0,5 0,7 
n3 x ky 0,6 0 0,7 
n3 X ke 0,6 0,3 0,7 
n3 x kg 0.7 O 0,8 
ng x kg 0,6 0,5 0,7 
na x ky 0,4 0,4 0,7 
na X ke 0 0,4 0,6 
na x kg 0,7 0,4 0,8 
na X ka O 0/5 0,7 


Table 4: Tabular form of FHSS (©1,T;) V (2, T2) 
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4. Application in Decision-Making Problem 


The comparison table of fuzzy hypersoft set (0,I) is a square table in which the number 
of rows and number of columns are equal, rows and columns both are labelled by the objects 
names U1, U2,...,Un of the universe U and the entries cj; (i,j = 1,2,...,n) is the number of 
parameters for which the membership value of u; exceed or equal to the membership value of 
uj. Clearly 0 < cj; < k where k is the number of parameters in a fuzzy hypersoft set. Thus, 
cj indicates a numerical measure and integer number which is u; dominates u,; in c;; number 


of parameters out of k parameters. 


4.1. Column Sum, Row Sum and Score value of an Object 


a: The row sum of object u; is denoted by r; and calculated by following formula, 


n 
yU= ) Cij 
j=l 


It is clear that r; indicates the total number of parametersin which u; dominates all 
the members of U. 


b: The column sum of object uj; is denoted by ¢; and calculated bu following formula, 


n 
= ) Cij 
i=1 


It is clear that t; indicates the total number of parametersin which u; dominates all 
the members of U. 


c: The score value of u; is S; and calculated by following formula, 


S=ni-t 


4.2. Algorithm 


The problem here is to select an object from the set of objects given based on a set of 
parameters I. We now present an object recognition algorithm, based on input data from 
multiobservers defined by age, foreign language knowledge and education. 

(1) Input the fuzzy hypersoft sets (01,11), (O2, 12), (O3,T3). 

(2) Input the parameter set © as observed by the decision makers. 

(3) Compute the corresponding resultant fuzzy hypersoft set from the fuzzy hypersoft sets 
(01,11), (92,12), (O3,P3) and place the tabular form. 

(4) Construct the Comparison Table of the fuzzy hypersoft set and compute row sum 7; 
and column sum t; for uj. 

(5) Compute the Score value of u;. 


(6) The decision is S, = max S; 
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(7) If k has more than one value then any one of uz may be chosen. 


4.3. Application 


Consider the problem of selecting the most suitable staff from the set of staff with respect 
to a set of choice parameters. Let U be the set of staff given as U = {u1, ue, us, ua, U5} also 
consider the set of attributes as EF; = Age, Eo = Foreign language knowledge, £3 = Education, 


and their respective attributes are given as 


E, = Age = {18-25(a1), 25-30(az), 30-35(a3)} 
E2 = Foreign language knowledge = {English((,), Turkish(62), German((3) } 
E3; = Education = {BSc(71), MSc(y2), PhD(y3)} 


Suppose that 


Aj == {a3}, Ap = {G1, Bo}, Az = {72,73} 
By, = {a1,02}, Bo = {82,83}, Bs = {r3} 
Cy = {a2,a3}, Ae = {F1, 63}, 43 = {ni} 


are subset of F; for each 7 = 1, 2,3. Then the fuzzy hypersoft sets (0,,T;) and (O2,T2) defined 


as follows; 


(a3, 62,72), 155) 07) 04) 04) OFS Po < (03, B2, 713), LO OT O40 Os > 


(O r =| < (a3, 81,72), {oa 08) 8? OL OBL >> < (a3, 61,73), {oa 03) 06) 017 OS >> 
1,41) — 2 ’ 


u2 UZ U4 


< (a2, 62, 73), {5 0.27 0.27 0.6? oS) O1S P< (a2, 63, 73), 05° 05°01? ot OFS me 


(O2,T2) “| < (01, 62,93), 108) 4 07 O87 8S >> < (01, 83,93) toa OB Oe D1 OBS >> 


(O3 Ea) = < ( 2) 146) 0. ahs 0,3” 0 ae < (a2, 83,71); a6 502703" 04) > 


The tabular representions of (0}, ~ a ae (Q3,13) are shown in Table 5-7. 
(01,11) Uy Ug Ug U4 Us 
a3, 31,72) =m 0,4 0,5 0,6 0,1 0,8 
a3, 31,73) =72 0,4 0,2 0,6 0,1 0,3 
a3, 82,72) =73 0,2 0,7 0,4 0,4 0,5 
a3, 32,73) = 0,7 0,1 0,4 0,2 0,6 
Table-5: Tabular form of FHSS (01,11) 


( 
( 
( 
( 
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(O2,T2) Uo Ug Ug U4 Us 
(a1, 22,73) =ki1 0,8 0,4 0,7 0,3 0,8 
(a1, 3,73) = ko 0,4 0,5 0,6 0,1 0,8 
(a2, 2,73) = k3 0,2 0,2 0,6 0,3 0,1 
(a2, 63,73) = ka 0,5 0,5 0,1 0,1 0,7 

Table-6: Tabular form of FHSS (02, L2) 

(03,13) Uo Ug Us U4 Us 
(a2, 21,71) =m 0,2 0,3 0,1 0,7 0,6 
(a2, 83,71) = m2 0,6 0,2 0,3 0;3 0,1 
(a3, 81,71) = m3 0,7 0,5 0,8 0,4 0,8 
(a3, 83,71) = ma 0,3 0,4 0,1 0,6 0,5 


Table-7: Tabular form of FHSS (03, T3) 


Now let’s see how the original problem can be solved using the algorithm. Consider the 
fuzzy hypersoft sets (0;,T1), (O2,T2) as defined above. If we perform (©1,T,) A (92, F2) then 
we will have 4 x 4 = 16 parameters. If we require fuzzy hypersoft set for the parameters 
R= {m x ki, 2 x ka,n3 X ke, 73 x k3,na x ki}, then we obtain the resultant fuzzy hypersoft 
for the fuzzy hypersoft sets (01,11), (92, T2). So, after performing (01,11) A (Q2, P2) for some 
parameters the tabular form of the resultant fuzzy hypersoft set (A, R) will take the form as 


Table-8, 


(K,R) w 
mx ky 0,4 
nox ka 0,4 
"3 x kg 0,2 
13 x kg 0,2 
na xX ky 0,7 


U2 
0,4 
0,2 
0,5 
0,2 
0,1 


Uz UA U5 
0,6 0,1 0,8 
0,1 0,1 0,3 
0,4 0,1 0,5 
0,4 0,3 0,1 
0,4 0,2 0,6 


Table-8: Tabular form of FHSS (Kk, R) 


Consider the fuzzy hypersoft sets (01,11), (Q2,F2) and (Q3,T3) as defined above.Suppose 
that P be set of choice parameters of a decision maker. On the basis of this parameter we 


have to take the decision from the availability set U . The tabular representation of resultant 


fuzzy hypersoft set (S,P) will be as. (Table 19). 


(S, P) 
(m x ki) X my 
(nN2 x ka) x m3 
(n3 x kg) x me 
(n3 x k3) X ma 


(na x ki) x m3 


U1 
0,2 
0,4 
0,2 
ie 
0,7 


U2 


U3 U4 


0,3 0,1 0 


02 Oat 
0.2 0:3 
0.2.0. 
0,1 0,4 


i 


U5 
0,6 
0,1 0,3 
0,1 0,1 
0,3 0,1 
0,2 0,6 


Table-9: Tabular form of FHSS (S, P) 
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The comparison table of the above resultant fuzzy hypersoft set is as below, 


Uy U2 UZ U4 U5 


uw 5 4 4 4 4 
uw 3 5 3 3 2 
ug ll 2 5 4 2 
uw tl 2 3 5 2 


uy 1 3 4 4 = 5 
Table-10: The comparison table of the above resultant fuzzy hypersoft set 


Next we compute the column sum, row sum and score value for each u; as shown following, 


Row Sum(r;) Column Sum(t;) Score(S;) 
U1 21 11 10 
U2 16 16 —0 
ug 14 19 “5 
UA 13 20 —7 
U5 17 15 2 


Table-11: The row sum, column sum and score of u; 
From the above score table, it is clear that the maximum score is 10, scored by u,. Therefore 


the decision is in favour of selecting wu. 


5. Conclusion 


In the present paper, Fuzzy Hypersoft set’s operations such as like subset, union, intersec- 
tion, equal set, complement, AND and OR are introduced. The validity and complementarity 
of the proposed operations and meanings is checked by presenting the correct example. Fuzzy 
hypersoft set NHSS would be a new method for correct selection in decision taking prob- 
lems. we give also an application of fuzzy hypersoft theory in object recognition problem. The 
recognition strategy is based on collection of data parameters for multiobserver inputs. The al- 
gorithm involves constructing the Comparison Table from the resulting fuzzy hypersoft set and 
making the final decision based on the maximum score determined from the Comparison Table 
(Tables 10 and 11). In order to expand our work, more research should be undertaken to study 
the issues of reducing fuzzy hypersoft sets parameterization, and to explore the possibilities of 
using the fuzzy hypersoft sets method to solve real-world problems such as decision-making, 
forecasting, and data analysis. Matrices, similarity measure, single and multi-valued, interval 
valued, functions, distance measures, algorithms: score function, VIKOR, TOPSIS, AHP of 
Intutionistic Hypersoft set will be future work. Also, in the topological field, topics such as 
fuzzy hypersoft topological spaces, separation axioms, compactness, connectedness, continuity 


can be studied in the future. 
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Abstract: The main aspect of this study is to broaden the concept of intuitionistic fuzzy hypersoft 
set (IFHSS) and apply it as intuitionistic fuzzy hypersoft matrix (IFHSM). Fundamental workings 
of intuitionistic hypersoft matrices have been elaborated through suitable examples. Analytical 
study of common operations of IFHSM has been devised. A new algorithm, based on score 
function, has been constituted to represent decision-making issues and these issues can now be 
defined as numerical values to elaborate the hiring of employees for a private firm. 


Keywords: MCDM, Hypersoft Matrix, Score Function, Intuitionistic Fuzzy Hypersoft Matrix. 


1. Introduction 


Zadeh L.A introduced the concept ‘Fuzzy sets’ to deal with the problem of uncertainty in 1965 [1]. 
Many problems arising due to uncertainty in many applications have been successfully dealt by 
using fuzzy sets and fuzzy logic. In 1975, Zadeh [2] introduced the interval valued fuzzy sets. This 
concept emphasized on the degree of membership of an element on closed subinterval of [0,1] 
rather than an element of [0,1]. Fuzzy set theory can better handle the problem of uncertainty that 
is due to unclarity or incomplete belonging of an element in a set, but it has its limitations when 


dealing with various real physical problems or incomplete data. 


Atanassov [12] in 1986 worked on the generalization of fuzzy set known as intuitionistic 
fuzzy set (IFS). For the first time, the concept of natural hesitation occurring in human beings’ 
brain was awarded a membership or non-membership value in closed interval, so that the impact 
and effect of uncertainty could be portrayed realistically as happening in real world during 
decision making processes. It has been seen that situations where insufficient data is present, 


membership values may not be possible up to the level of our satisfaction. The same happens with 
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the non-membership values as allocating them values is not sometimes possible and degree of 
hesitation remains. In such scenarios, fuzzy set theory cannot be used effectively and this is where 
intuitionistic fuzzy set theory plays its role. In fact, the problems for which fuzzy set theory is 
used, these problems can be solved by intuitionistic fuzzy set theory as well and it is well suited 
for solving complicated problems. Hence, IFS has been found quite effective in dealing and 


solving the issue of uncertainty. [12,13] 


In 1999, Molodtsov introduced a new mathematical tool know as soft set to deal with the 
complexities arising due to uncertainties. He demonstrated the way in which soft sets could be 
used. Their application can be used in game theory, operation research, Peron integration, 
Riemman-integration, probability, theory of management etc. Presently, much progress is being 


made in the working and applications of the soft set theory. [25,27] 


The parameters in soft set theory are fuzzy concepts taken from the fuzzy set theory. Hence, 
set soft is a specified classification of subsets of the universe. Results have been projected by the 
application of using fuzzy soft sets in decision making in the works of Roy and Maji [32]. 
Measures showing similarity in fuzzy soft sets were proposed by Majumdar and Samanta [24]. By 
minimization of fuzzy soft sets, Yang et al. [37] did an analysis of decision-making problems using 
fuzzy soft sets. The idea of soft number, soft integral and soft derivative was developed through 
an analysis relying on the theory of soft sets. The problems of soft optimization were solved 
through this manner by Kovkov et al. [21]. For the forecasting of the volume of export and import 
in international trade, using fuzzy soft sets of soft set theory were introduced by Xiao et al. [34]. 
For the studying of business competitive capacity evaluation, Xiao et al. [35] also introduced soft 


set theory. 


Solutions regarding data analysis due to the conditions of incomplete information by using soft 
sets were introduced by Zou and Xiao [38]. These solutions, by using soft sets, reflect the accurate 
state of incomplete data. Problems arising with the classifications of natural textures were dealt by 
a new algorithm by Mushrif et al. [28]. Analysis of various operations of soft sets was introduced 
by Aliet al. [14]. 


The idea of intuitionistic fuzzy soft set theory made up of intuitionistic fuzzy set and soft set 
models was introduced by Maji et al. [41-42]. Interval-valued fuzzy soft sets containing the 


combination of interval-valued fuzzy set and soft set models was worked upon by Yang et al. [42] 


Importance of matrices cannot be ignored in the fields of science and engineering. But due to 
uncertainties arising due to imprecision in the nature of our environment, classic matrix theory 
cannot meet the demand of solving the problem of uncertainty. However, fuzzy soft sets 
represented as matrices were successfully used in the process known as fuzzy soft matrix to deal 
with the problems of decision making by Yong Tang and Chenli [39]. Jafar et al [30] worked on 
IFSS in Selection of Laptop. 
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Recently in 2018, another tool was created by Smarandache [43] in diversifying the modes 
available in overcoming the problems related to uncertainty. He generalized soft set theory to 


hyper soft set theory. 


The propose of this research work is to introduce a new tool of dealing with uncertainty by 
combining intuitionist fuzzy set theory with hyper soft set theory. This combination of the two 
theories will make a new tool by the name of ‘Intuitionistic fuzzy hyper soft set’. Later on, it 


would be converted in the form of intuitionistic fuzzy hyper soft matrix. 


2. Preliminaries 
Definition 2.1: Fuzzy set 


A pair (U,e) is said to be fuzzy set if there exist a function e:U — [0,1] where U is set. The 
function e = “4 is called membership function of the fuzzy set A = (U,e). 


Definition 2.2: Soft set 


Let U be the universal set and p(U) be the power set of U. Let A be the set of attributes then the 
pair (F, U) is said to be soft set over U if F:A > p(U). 


Definition 2.3: Hypersoft set 


Let U be the universal set and P(U)be the power set of U. Suppose hy,h2,h3..h, where n2=1 
be n distinct attributes whose corresponding attributive values respectively the sets 
Hy, Hz, Hg... H, with H; NH, =@,i#j and i,je{0,1,2,3..n} then the pair (F,H, x Hp x Hz Xx 
.. X H,),where F:H, x Hz x H3 X ...X H, > P(U) is called a hypersoft set over U. 


Definition 2.4: Intuitionistic fuzzy soft set 


Consider U is a universal set and E be the set of parameters. Let P(U) denote the set of all 
intuitionistic fuzzy sets of U. Let AC E. A pair (F,E) is an intuitionistic fuzzy soft set over U, 
where is mapping given by F: A > P(U). 

Definition 2.4: Intuitionistic fuzzy Hypersoft set (IFHSS) 


Let E be the initial universe of discourse and P(E) is the set of all possibilities of E. suppose 
hy, hz,hg..h, wheren=1 be n distinct attributes whose corresponding attributive values 
respectively the sets H,, H2,H3 ...H,with H; NH, = 9,i #j and i,je{0,1,2,3,...,n} then the relation 
H, x H, X H;X..xXH, =a then the pair (F,q@) is said to be Intuitionistic fuzzy hypersoft set 
(IFHSS). F:H, X Hy X Hg X ...X H, > P(E) and FUL SCAG ORs XH) =< 
x, u(F (a)), v(F (a)) >, xeE } where pp is the value of membership and y is the value of 
non-membership such that yw: £F > [0,1],v:E — [0,1] and also 
0<u(F(a)) +y(F(a@)) <2 
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3. Calculations 


Definition 3.1: Intuitionistic fuzzy Hyper Soft Matrix (IFHSM): Let F = ff',f*,...,f"} be the 
universal set and P(F) be the power sets of F. Suppose T,,T2,--,Tm where a 2 1, a be the 
well-defined attributes , whose corresponding attributive values are T{,T2,...,T% and their 
relation is T? x T2 x ...x TZ, where a,b,c,..,z = 1,2,..,n then the pair, (Es TEx ex 
Ti.) is said to be Intuitionistic fuzzy Hyper Soft set over F where F: (Tf x T2 x... TH) > 
P(f) and it is define as F({% x To x... x TZ.) ={< f, Te(f), Fe(f) > FEF, £€ (12 x To x... X TZ}. 
Let De = T? x T3 x ...X TZ be the relation and its characteristic function is Yp,: (Tt X i he oe 4 
Tin) > P(F) and it is define as Yp, = {<f,7e(f), Fe(f) > FE F,£€ (Ti x T2 X ...x Ti)} . Then the 


Tabular form of Dg is given as 


Table 1: Tabular form of Dg 


Ti T2 a Tin 
f pata tas Yp,(f*, T2) 4, Yp, (f°, t) 
P Yo. (F*, TH) Yp-(f?, T2) iis Ye (F?, Tin) 
‘ia Yo." Tr) Yoo (f", T2) a Yo. (f", Tin) 


If Qi; = Yo, GE) where i=1,2,3...n, j=1,2,3...m_, k=a,b,c,...,Z 


Then a matrix is defining as 


Qui Qr2 eae Qim 

[2:;| = Qor Q22 ***  Qom 
UInxm : : * : 

Qn1 Qn2 ane Qnm 


Where Qi; = (ra Fei, fie FT) € UE x T2 xx ti) = (The Fin 


Thus, we can represent any Intuitionistic Fuzzy Hyper Soft Set in term of Intuitionistic Fuzzy 


Hyper Soft matrix. 
Example 3.1.1: 


To illustrate the working of this theory, a need arises for a company to hire an employee to fill one 


of its vacant spaces. A total of five promising applicants apply to fill up the vacant space. From 
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the human resources department of the company, a decision maker (DM) has been tasked for 


selection. 


Let U = {f',f?, ff, f?} be the set of five applicants also consider the set of attributes as 


Ti = Qualification, T, =Exprince, T; = Age, T, =Gender 
And their respective attributes are 

Ti =Qualification = {BS Hons., MS, Ph.D., Post Doctorate} 
Te =Exprince= {5yr, 7yr, 10yr, 15yr} 

T3 =Age= {Less than thirty, Greater than thirty} 

Ti =Gender= {Male, Female} 

Let the function be F: T? x T? x T§ x T? > P(U) 


Blew are the Intuitionistic values table from different dissuasion maker 


Table 2: Decision maker Intuitionistic values for Qualification 


Ti(Qualification) {- f? f ft if 
BS Hons. (0.5,0.7) (0.3,0.5) (0.5,1.0) (0,0.9) (0.6,0.5) 
MS (0.3,0.8) (0.1,0.6) (0.1,0.3) (0.2,0.5) (0.3,0.9) 
Ph.D. (0.9,1) (0.4,0.6) (0.6,0.8) (0.1,0.9) (0.1,0.7) 
Post Doctorate (0.2,0.3) (0.3,0.4) (0.4,0.5) (0.5,0.6) (0.6,0.7) 


Table 3: Decision maker Intuitionistic values for Experience 


[2 (Experience) he i f Te c 
5yr (0.4,0.7) (0.1,0.3) (0.2,0.4) (0.3,0.5) (0.4,0.6) 
7yr (0.5,0.7) (0.6,0.8) (0.7,0.9) (0.8,1) (0.9,0) 
10yr (0.4,0.7) (0.5,0.8) (0.6,0.9) (0.7,1) (0.8,0.3) 
15yr (0.1,0.5) (0.2,0.6) (0.3,0.7) (0.4,0.8) (0.5,0.9) 
Table 4: Decision maker Intuitionistic values for Age 

TS (Age) f lig p ft fp 
Less than thirty (0.6,0.8) (0.6,0.9) (0.3,0.5) (0.4,0.8) (0.5,0.9) 


Greater than thirty (0.7,1) (0.5,0.7) (0.3,0.7) (0.5,0.6) (0.9,1) 
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Table 5: Decision maker Intuitionistic values for Gender 


Td(Gender) f 
Male (0.5,0.7) 
Female (0.3,0.7) 


Intuitionistic fuzzy Hyper Soft set is defining as 


i 
(0.1,0.5) 
(0.2,0.6) 


f ‘is 
(0.6,0.9) (0.4,0.8) 
(0.2,0.4) (0.7,1) 


F:(Tr x T2 X Ts X Te) > P(U) 


70 


hi 
(0.5,0.9) 
(0.9,0) 


Let’s assume that F(T? x T3 x TS x Td) = F(MS, 7yr, Greater than thirty, Male) = (f?, f?, f?, f°) 


Then Intuitionistic Fuzzy Hyper Soft set of above relation 


F(Tr x T2 x T§ X TH) = 


{< ft, ((MS(0.3,0.8), 7yr(0.5,0.7), Greater than thirty(0.7,1), Male(0.5,0.7)) > 


< f?, (MS(0.1,0.6), 7yr(0.6,0.8), Greater than thirty(0.5,0.7), Male(0.1,0.5)) > 


< f?, (MS(0.1,0.3), 7yr (0.7,0.9), Greater than thirty(0.3,0.7), Male(0.6,0.9)) > 


< f°, (MS(0.3,0.9), 7yr(0.9,0. ), Greater than thirty(0.9,1), Male(0.5,0.9)) >} 


The above relation can be written in the form of 


Table 6: Tabular Representation of above relation 


Tt 
fi (MS (0.3,0.8)) 
f? (MS(0.1,0.6)) 
f? (MS(0.1,0.3)) 
fP (MS(0.3,0.9)) 


12 
(7yr(0.5,0.7)) 
(7yr(0.6,0.8)) 
(7yr (0.7,0.9)) 

(7yr (0.9,0)) 


And its matrix form is defined as 


(MS, (0.3,0.8)) 
(MS, (0.1,0.6)) 
(MS, (0.1,0.3)) 
(MS, (0.3,0.9)) 


[Q]ax4 = 


(7yr, (0.5,0.7)) 


TS 
(Greater than thirty(0.7,1)) 
(Greater than thirty(0.5,0.7)) 
(Greater than thirty(0.3,0.7)) 
(Greater than thirty(0.9,1)) 


(Greater than thirty, (0.7,1)) 


(7yr, (0.6,0.8)) (Greater than thirty, (0.5,0.7)) 


(7yr, (0.7,0.9)) 
(7yr, (0.9,0)) 


(Greater than thirty, (0.7,1)) 
(Greater than thirty, (0.9,1)) 


Te 
(Male(0.5,0.7)) 
(Male(0.1,0.5) 
(Male(0.6,0.9)) 
(Male(0.5,0.9)) 


(Male, (0.5,0.7)) 
(Male, (0.1,0.5)) 
(Male, (0.6,0.9)) 
(Male, (0.5,0.9)) 
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Definition 3.2: Square Intuitionistic Fuzzy Hyper Soft Matrix 


Let Q= [Q:)] be the IFHSM of order nx m where Q;; = (ska: then Q is said to be square 
IFHSM if n=™m .It means that if a IFHSM have same number of columns (alternatives) and rows 


(attributes) then it’s called square IFHSM. 


Example 3.2.2: 


(MS, (0.3,0.8)) (7yr, (0.5,0.7)) | (Greater than thirty, (0.7,1)) | (Male, (0.5,0.7)) 

_ |CMS, (0.1,0.6)) (7yr, (0.6,0.8)) (Greater than thirty, (0.5,0.7)) (Male, (0.1,0.5)) 

[Qlaxa = (MS, (0.1,0.3)) (7yr,(0.7,0.9)) (Greater than thirty, (0.7,1)) (Male, (0.6,0.9)) 
(MS, (0.3,0.9)) — (7yr, (0.9,0)) (Greater than thirty, (0.9,1)) | (Male, (0.5,0.9)) 


Definition 3.3: Transpose of square IFHSM 


Let Q =[Qi;] be the IFHSM of order nxm where Qj; = (TresF iis) then Q' is said to be 
transpose of square IFHSM if rows interchange with column (column interchange with rows) of Q. 


It is denoted as 
t t 
Q* = [Qi] = (TE Foe) = (Bho F ea) = [Qi] 
Example 3.3.1 


(MS, (0.3,0.8)) (7yr,(0.5,0.7)) | (Greater than thirty, (0.7,1)) (Male, (0.5,0.7)) 

_ |CMS, (0.1,0.6)) (7yr, (0.6,0.8)) (Greater than thirty, (0.5,0.7)) (Male, (0.1,0.5)) 

[Qlaxa = (MS, (0.1,0.3)) (7yr,(0.7,0.9)) (Greater than thirty, (0.7,1)) (Male, (0.6,0.9)) 
(MS, (0.3,0.9)) (7yr,(0.9,0)) (Greater than thirty, (0.9,1)) | (Male, (0.5,0.9)) 


Transpose of the upper Metrix is defining as 


Kaleren = 
(MS, (0.3,0.8)) (MS, (0.1,0.6)) (MS, (0.1,0.3)) (MS, (0.3,0.9)) 
(7yr, (0.5,0.7)) (7yr, (0.6,0.8)) (7yr, (0.7,0.9)) (7yr, (0.9,0)) 
(Greater than thirty, (0.7,1)) (Greater than thirty, (0.5,0.7)) (Greater than thirty, (0.7,1)) (Greater than thirty, (0.9,1)) 
(Male, (0.5,0.7)) (Male, (0.1,0.5) (Male, (0.6,0.9)) (Male, (0.5,0.9)) 


Definition 3.4: Symmetric IFHSM 


Let Q= [Qi] be the IFHSM of order nxm where Qj; = (re Fe 


ijk’ + ijk 
IFHSM if Q° = Q ie (T,.,.F in) = (GkeF Aa) 


) then Q is said to be symmetric 
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Definition 3.5: Scalar multiplication of IFHSM 


Let Q =[Qi;] be the IFHSM of order nx m where Qj; = (TaFue) and u be any scalar. Then 
the product of scalar p and matrix Q is defined by multiplying each element Q by u. It is denoted 
as uQ = [uQ;;| whered <p <1. 


Example 3.5.1: Consider a IFHSM [Q],x4 and 0.3 is a scalar. 


(MS, (0.3,0.8)) (7yr, (0.5,0.7)) | (Greater than thirty, (0.7,1)) | (Male, (0.5,0.7)) 

_ |CMS, (0.1,0.6)) (7yr, (0.6,0.8)) (Greater than thirty, (0.5,0.7)) (Male, (0.1,0.5) 

[Qlaxa = (MS, (0.1,0.3)) (7yr,(0.7,0.9)) (Greater than thirty, (0.7,1)) (Male, (0.6,0.9)) 
(MS, (0.3,0.9)) — (7yr, (0.9,0)) (Greater than thirty, (0.9,1)) | (Male, (0.5,0.9)) 


Then scalar multiplication of IFHSM [Q]4,4 is shown as 
[00.3)Q]ax4 = 


(MS, (0.09,0.24)) (7yr,(0.15,0.21)) (Greater than thirty, (0.21,0.3)) (Male, (0.15,0.21)) 
(MS, (0.03,0.18)) (7yr,(0.18,0.24)) (Greater than thirty, (0.15,0.21)) (Male, (0.03,0.15)) 
(MS, (0.03,0.09)) (7yr,(0.21,0.27)) (Greater than thirty, (0.21,0.3)) (Male, (0.18,0.27)) 
(MS, (0.09,0.27)) — (7yr, (0.27,0)) (Greater than thirty, (0.27,0.3)) (Male, (0.15,0.27)) 


Proposition 3.6 


Let Q= [Qi] and R= [Rij] be the two IFHSM, Where Qi; = (Teka) and Rj = (Ti Fee) for 


two scalars a, 6 € [0,1], then 


I & (BQ) = (@B)Q. 
I. Ifa< B then aQ< BQ. 
Il. If @& R then aQE aR. 


I. a(BQ) = a(B Qi) = a(BTS, BFE.) = (GBT, OBF 5x) 
= [2B (Ti Fix) = aB[Qij] = (@B)Q 
I. Since (7/5,.F Fx) € [0,1] so a2, < BTS, aF Gy S BF Gx 
Now aQ=[aQi [CaN je Fined] < [BT ie BFin)] = [BQ] = BQ 
I. Q@f R>(Qi| S [Ril 


Q R Q R 
=> Tj S Vij F ijn 2 Fiin 


Q R Q R 
> ali, < ATK, AF Fp > OP ix 
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= a[Qi] S a[Ri] 
>aQC aR 
Theorem 3.7 
Let Q= [Qi] be the IFHSM of order nxm, where Qj; = (eke), then 


I. = (@Q)' = aQ’ where ae[0,1]. 
I. = (Q*)"=Q. 
Proof 


I Here (a@Q)*, (a Q) € IFHSMaxm SO 
(aQ)* = [(aT§,, F$,.)]° 
= [(aT jv OF jx) 
= a[ (Tew Fei) 
= al(T3..F%.)) = 2Q" 
Il. Since Qt € IFHSMyym SO (Q*yt € IFHSMyymn 


Now 
(Q*)' = (7 FS.) 


= (Tio Fie) 


a [eae F eal =0 
Definition 3.8: Trace of IFHSM 


Let Q= [Qi] be the square IFHSM of order nxm, where Q;; = (BaF rie) and n = m then trace 


of IFHSM is written as tr(Q) and define as tr(Q) = pile VE a E yi 


Example 3.8.1: Let us consider a IFHSM [Q]4x4 


(MS, (0.3,0.8)) (7yr, (0.5,0.7)) (Greater than thirty, (0.7,1)) | (Male, (0.5,0.7)) 

_ |CMS, (0.1,0.6)) (7yr, (0.6,0.8)) (Greater than thirty, (0.5,0.7)) (Male, (0.1,0.5)) 

[Qlaxa = (MS, (0.1,0.3)) (7yr,(0.7,0.9)) (Greater than thirty, (0.7,1)) (Male, (0.6,0.9)) 
(MS, (0.3,0.9)) — (7yr, (0.9,0)) (Greater than thirty, (0.9,1)) | (Male, (0.5,0.9)) 


Then tr(Q) =(0.3 — 0.8) + (0.6 — 0.8) + (0.7 — 1) + (0.5 — 0.9) = -1.4 
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Proposition 3.9 


Let @Q=[Qi;] be the square IFHSM of order m xn, where Qi; Se ijk? Fie) and n=m. a be 


any scalar then tr(aQ) = a tr(Q). 


Proof: 


4 Q 4 
tr(aQ) = >. foe [aT i, —@ Feel = ~ a>, lt ijk Feel = = atr(Q) 


Let Q= [Qi] and R= [Rij be two IFHSM, where Q;; = (Te Fe 


Hiei He) and R,; = (TR. Fi 


ijk~ ijk 
Definition 3.10: Max-Min Product of IFHSM 


Let Q = [Qi] and R= [Ric be two IFHSM, whereQ;; = (TF) and Rj, = (The Fhet)- Then, 
Q and R are said to be conformable if their dimensions are equal to each other (number of 


columns of Q is equal to number of rows of R). If Q = [Qi] comand R= [Rit] co then Q@® R= 


[Sit Inxo where 


[Sit] = (maxj, min(T,? ike Tit) Minjx max(FP.,,F jie) 
Theorem 3.11 


Let Q =[Q;;] and R =[R;] be two IFHSM, where Q;; = ees) and Rj = (Tht, Fie). Then, 
(Q@R)' =R'@ Qk 
Proof: 


Let Q® R= [Sitlnxor then (Q@ R)‘ = [Stiloxn Q* = [Qjil oR =[Rijl 


Now (Q®@ R)i = (Tis Pret) pc 


= (maxj, min(T/,., Peal Minjx max(Ff,, Fits) oxen 


= (Tie Fein) ® (Their Fics) en =R® Q' 


oxm 


4. Operators of IFHSMs 
Let Q= [Qi] and R= [Rij be the two IFHSM, whereQ;; = (TP ai) and Rj; = (te ak? FRx): Then, 


i. Union: 


QUR=S where Tix = = max ( Tig Tit) F ik = min ( Fi Fiku)- 
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ii. Intersection: 
R S FR 
QNR=S where T, ik = = min (72 ij Vijkdy Fijy = max (F2 ijk ijk) 


iii. Arithmetic Mean: 


Q QR 
(7, jet Ti i) (F, jet Fi 7) 
Q@R = S where Tj, =e Fix =. 
iv. Weighted Arithmetic Mean: 
wit +w YF wiFe+w F; 
Q@®” R =S where Tf, = ete) Fi, = Ci) .wi,w* >0 
Vv. Geometric Mean: 
QOR = 5S where Tp, = ey Ther Fie = Fite Fife 
vi. Weighted Geometric Mean: 
wt +w 
QOYR= S where Tix = i ‘| Tes ( dae 
wi +w 
Fix = ‘| ee ase ( FRY” and w',w* >0 
vii. Harmonic Mean: 
Q oR Q _R 
2T ik ijk sje Fije 
Q (2) R=S where Tix = — 79.478 , Fiix = FO, +FR . 
viii. | Weighted Harmonic Mean: 
ei 2 1 2 
QO” R=S where Tix = ~ — , Fix = nae 
Ota mr: 
Tijk ° uk Pig “tik 
Proposition 4.1 
Let Q = [Q,] and R = [R;;] be two IFHSM, where Q;; = (T%,.F},.) and Ri; = (TF 


i = =696(QUR)' =QtTURE 

ii §=(Q@NR)=Q'NR 

iii,  (Q@R)' =Q'OR' 

iv. (Q@”R)' =Q'@rvR' 

v. (QOR)‘ = Q'OR' 

vi. (Q@Q”R)' =Q'OvVR 
vii. (QOR)=Q'OR' 
viii, (QO”R)=Q'OVR' 


i. (Q U R)’ = [(max(75 ijk’ Tih) A min(Fe,, Fi.))] 


ijk’ 


Fry): Then, 
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7 [(max( Tir, Tiki) min( Fre, Fiki))| 
7 eee Fal U (Ti. FRI 


=| Toke) U (The FR) =Q'UR 


Proposition 4.2 


Let Q= [Qi/] and R= [Ris] be the two-upper triangular IFHSM, where Qj; = Cie ye 
and Rj; = (Ti, FR a): Then, (QU R), (QR), (Q@BR), (Q B” R), (QOR) and (Q ©” R) are all upper 


triangular IFHSM and vice versa. 


Theorem 4.3: 
a = — (Te FQ — (TR GR 
Let Q= [Qi] and R= [Ris be the two IFHSM, whereQ;; = (Te Fie) and Rj; = (THe FRx): Then, 


i. (QUR) =Q°NR° 

ii, (QNR)=Q°UR® 

iii, (Q@R)’ = Q’OR’ 

iv. (Q@”R)’ =Q°O"R’ 

v.  (QOR)’ = Q’OR’ 

vi. (QO”R)’ =Q°O"R’ 
vii. (QOR)=Q° OR 
viii. (Q@Q” R)°=Q°O"R 


Proof: 
i. (Q UR)’ = [(max(79,, T8,),, min(FS,, FR.))] 
= [(min(Fij,. Fie) max(T§i THe) 
= (Fie 1) nN Fie Tix) 
= (Ti, Fee) N(THe Fi)’ 
— Q° fal R° 
Theorem 4.4 


Let Q = [Q,;] and R = [R;;] be the two IFHSM, whereQ;; = (T;5,,F§,.) and Rij = (Ti, Fix). Then, 


i (QUR)=(RUQ) 
ii (QNR)=(RNQ) 
iii, (Q@R) =(R@OQ) 
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iv. (Q@®”R)=(RO"Q) 

v. (QOR) = (RO Q) 

vi.  (QO”R) = (RO” Q) 
vi. (QOR)=(ROQ) 
viii. (Q@” R)=(RO” Q) 


Proof: 
ic (Q UR) = [(max(T},, Mii.) min(FS Fix) | 
= [(max(Tf,, i) »min(Ff,, Fi,))| 
= (TH. Ff) U [73 Fa 
=(RUQ) 
Theorem 4.5 


Let = [Q,;] , R = [Rij] and S = [5,;] be the two IFHSM, where Q,; = (TF Rx), Riz = (The FRx 


and Sj; = (Ti Fiji), then 


i. (QUR)US=QU(RUS) 
ii = (QNRINS=QN(RNS) 
iii, (Q@R)OS + QB(ROS) 

iv. (QOR)OS # QO(ROS) 

v. (QORI)OS#FQOROS) 


Proof: 
i. (QUR) US = [(max(75,, T4,),min(FS,, Fx) U [The Fin) 
= [(max(7;f,,, Tires Tix) , min(F;,, Fie, Fi.) 
= [(TheFon)) YU [(max(THe Tie) min FA. F§x))| 
= [The FR] ¥ (Ge Fijx) U (Tie F§x))| 
=QuU(RUS) 
Theorem 4.6 


Let = [Qi] ,R= [Rij] and S$ = [Sis] be the two IFHSM, where Qj; = (Tires F oe) Ry = (Tie, Fie 
and Si; = (Tie Fin) Then, 
i = QN (RBS) = (QNR)NB(QNS) 
ii. (QBR) NS =(QNS)@O(RNS) 
iii, QU(ROS) = (QUR)O(Q US) 
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iv. (Q@R)US =(QUS)@(RUS) 


Proof: 
ean RB aKs 
i QN(R@S) = (TH. FG.) 9 os theta) 
The Ts FR, + FS 
(in (7. Mi *Ts)) , max (#5. Mie +i 
= |{ min Tit ia Ti) (Tih t Tin) max Fisk € Fi) (Fix Fijx) 
= : 5 ; : 
r [(min (Te, Thin)» max( Fix, Ff,))|@[Gnin(7,f,,, Tix) max(Fis,, Fi,))I 
7 [Tre Fin) a (Te Fi Ol Tie: Fie) nN (Tie Fixx) | 
=(QNR)B(QNS) 
5. Applications 


Intuitionistic fuzzy Hypersoft Matrix (IFHSM) in Decision Making Using Score Function 

For example, a task of selection befalls a group of decision makers who have been tasked to select 
from n number of objects. The objects are further presented on the basis of their m number of 
attributes. IFHSM can be used to show their relation with each other. These attributes are allocated 
Intuitionistic values by the decision-makers and are portrayed by IFHSM of order n x m. We can 
get score matrix by using IFHSM to calculate value matrices. In this way, total score of each object 


from score matrix can be determined. 


Value matrices are considered to be real matrices because they abide by the properties of real 
matrices. Score function also serves as a real matrix because we acquire it from two or more value 


matrices. 
Definition 5.1 


Let Q= [Qi] be the IFHSM of order n x m, where Q;; = (Tle) then the value of matrix Q 


is denoted as Y(Q) and it is defined as V(Q) = [ve of order n X m, where 1 = Tin mi ae The 
Score of two IFHSM, Q = [Qi] and R= [Rij of order n Xm is given as ((Q,R) =Y(Q) + 


Y(R) and 7(Q@,R) = [¢:;] where ¢;; = 1 + yj. The total score of each object in universal set is 
Zi=1 S|: 
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5.2 Algorithm 
Step 1: Construct a IFHSM as define in 3.1. 


Step 2: Calculate the value matrix from IFHSM. Let Q = [Q:;| be the IFHSM of order n Xm, 


where Qj; = (ft Fe 


ijk? im) then the value of matrix Q is denoted as Y(Q) and it is defined as Y(Q) = 


[ie of order n Xm, whereY,? = ‘in - ie 


Step 3: Compute score matrix with the help of value matrices. The Score of two IFHSM Q = [Q: il 


and R=[R;;| of order nxm is given as ((Q,R) =Y(Q)+Y(R) and ¢(Q,R) = [¢;;| where 
Cy = VG + YF. 


Step 4: Compute total score from score matrix. The total score of each object in universal set is 


[Zea Sey|: 


Step 5: Find optimal solution by selecting an object of maximum score from total score matrix. 


Calculate Value Compute Score 


Construct IFHSM Matrices Matrix 


Find optimal 
Compute total solution by 
score selecting an object 
of maximum score. 


Figure 1: Algorithm design for the proposed technique 
5.3 Numerical Example 


To illustrate the working of this theory, a need arises for a company to hire an employee to fill one 
of its vacant spaces. A total of fifteen promising applicants apply to fill up the vacant space. From 
the human resources department of the company, a decision maker (DM) has been tasked for 


selection. 
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The decision maker finds it quite hard and a time-consuming task to interview all of them to fill 
up its vacant seat in the company. But by the help of the theory Intuitionistic fuzzy hypersoft 
matrix he would be able to narrow down the criteria for selection of the best possible candidate to 


just one candidate. Let us assume that F be the set of all candidates 
FH RPL EEL PLP, £2, £9, £4, fy 
And the selection criteria set by the company is given in the form of attributes as 
T, = Qualification, T, =Exprince, T; = Age, T, =Gender 
Also, these attributes are further classified as 
Ti =Qualification ={BS Hons. , MS, Ph.D. , Post Doctorate} 
Te =Exprince= {5yr, 7yr, 10yr, 15yr} 
T3 =Age= {Less than thirty, Greater than thirty} 
Ti =Gender= {Male, Female} 
The function F: T% x T3 x TS x T? > P(F) is 
Let’s assume the relation 


F(T? x T2 x TS x TH) = F(MS, 7yr, Greater than thirty, Male) is the actual requirement of company 


for the selection of candidates? 


Four candidates {f*,f*, f°, f3} are shortlisted on the basis of assumed relation i.e. 


(MS, 7yr, Greater than thirty, Male). 


Decision makers {A, B} are set for the selection of short-listed candidates. These decision makers 


give their valuable opinion in the form of IFHSSs separately as 
A = F(MS, 7yr, Greater than thirty, Male) = {< f?, (MS{0.5, 0.6}, 7yr{0.3, 0.7}, 
Greater than thirty{0.5, 0.9}, Male{0.6, 0.5}) >, < f®, (MS{0.3, 0.1}, 7yr{0.6, 0.3}, 
Greater than thirty{0.7, 0.3}, Male{0.7, 0.3}) >, < f®(MS{0.7,0.6}, 7yr{0.6, 0.8}, 
Greater than thirty{0.8, 0.4}, Male{0.6, 0.1}) >, < f1*, (MS{0.5, 0.5}, 7yr{0.3, 0.7}, 


Greater than thirty{0.9, 0.1}, Male{0.4, 0.3}) >} 
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B = F(MS, 7yr, Greater than thirty, Male) = {< T?, (MS{0.8, 0.2}, 7yr{0.7, 0.3}, 
Greater than thirty{0.4, 0.3}, Male{0.5, 0.5}) >, < T°©, (MS{0.8, 0.1}, 7yr{0.7, 0.3}, 
Greater than thirty{0.8, 0.1}, Male{0.9, 0.2}) >, < T8(MS{0.5, 0.4}, 7yr{0.7, 0.2}, 
Greater than thirty{0.9, 0.1}, Male{0.4, 0.7}) >, < 714, (MS{0.7, 0.2}, 7yr{0.2, 0.7}, 
Greater than thirty{0.7, 0.1}, Male{0.6, 0.4}) >, } 
Let’s apply the above define algorithm for the calculation of total score 
Step I: The above two NHSSs are given in the form of IFHSMs as 


(MS, (0.5,0.6)) (7yr,(0.3,0.7)) (Greater than thirty, (0.5,0.9)) (Male, (0.6,0.5)) 
_ | (MS, (0.3,0.1)) (7yr,(0.6,0.3)) (Greater than thirty, (0.7,0.3)) (Male, (0.7, 0.3)) 


A] = (MS, (0.7,0.6)) (7yr,(0.6,0.8)) (Greater than thirty, (0.8,0.4)) (Male, (0.6, 0.1)) 
(MS, (0.5,0.5)) (7yr,(0.3,0.7)) (Greater than thirty, (0.9,0.1)) (Male, (0.4, 0.3)) 
(MS, (0.4,0.5)) (7yr,(0.2,0.5)) (Greater than thirty, (0.2,0.4)) (Male, (0.5,0.5)) 
'B] = (MS, (0.4,0.2)) (7yr,(0.7,0.4)) (Greater than thirty, (0.8,0.9)) (Male, (0.8, 0.9)) 


| (MS, (0.5,0.2)) (7yr, (0.2,0.3)) (Greater than thirty, (0.5,0.5)) (Male, (0.7, 0.2)) 
(MS, (0.4,0.3)) (7yr,(0.2,0.7)) (Greater than thirty, (0.1,0.1)) (Male, (0.4, 0.4)) 


Step II: Now calculate the value matrices of IFHSMs define in Step I. 


(MS,(—0.1)) (7yr,(—0.4)) (Greater than thirty, (—0.4)) (Male, (0.1)) 
(MS,(0.2)) (7yr,(0.3)) (Greater than thirty, (0.4)) (Male, (0.4)) 


oe (MS, (0.1)) (7yr,(—0.2)) (Greater than thirty, (0.4)) (Male, (0.5)) 
(MS,(0)) (7yr,(—0.4)) (Greater than thirty, (—0.8)) (Male, (—0.1)) 
(MS,(—0.1)) (7yr,(—0.3)) (Greater than thirty,(—0.2)) (Male, (0)) 
[Y(B)] = (MS,(0.2)) (7yr, (0.3)) (Greater than thirty,(—0.1)) (Male, (—0.1)) 


(MS, (0.3)) (7yr, (—0.1)) (Greater than thirty, (0)) (Male, (0.5)) 
(MS, (0.1)) (7yr, (—0.5)) (Greater than thirty, (0)) (Male, (0)) 


Step III: Now compute score matrix by adding value matrices obtained in Step II. 


(MS,(—0.2)) (7yr,(—0.7)) (Greater than thirty, (—0.6)) (Male, (0.1)) 
(MS, (0.4)) (7yr,(0.6)) (Greater than thirty, (0.3)) (Male, (0.3)) 

(MS, (0.4)) (7yr,(—0.3)) (Greater than thirty, (0.4)) (Male, (1)) 

(MS,(0.1)) (7yr,(—0.9)) (Greater than thirty, (0.8)) (Male, (—0.1)) 


[¢(A, B)] = 


Step IV: Now total score of score matrix is given as; 
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Total score = 


Step V: The candidate f® will be selected for vacant spaces as the total score of f® is highest 


among the rest of the total score of candidates. 


6. Conclusions 


In this study, new operations and definitions of IFHSM have been put forward and their workings 
have been illustrated by using a numerical example. Utility of IFHSM, concerning decision-making 
troubles, has been portrayed using a score matrix. Its usefulness is effective and helps us get 
accurate results. In future, this study will further help researchers in decision-making related 


calculations like TOPSIS, AHP and VIKOR. 
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Abstract: The idea of the Pythagorean fuzzy hypersoft set is a generalization of the intuitionistic 
fuzzy hypersoft set, which is used to express insufficient evaluation, uncertainty, and anxiety in 
decision-making. Compared with the intuitionistic fuzzy hypersoft set, the Pythagorean fuzzy 
hypersoft set can accommodate more uncertainty, which is the most important strategy for 
analyzing fuzzy information in the decision-making process. The most important determination of 
the present research is to perform basic operations under the Pythagorean fuzzy hypersoft set 
(PFHSS) with their mandatory properties. In it, we establish logical operators and propose the idea 
of necessity and possibility operations under PFHSS. In the following research under PFHSS, some 
desirable properties are proposed by using the proposed operations. We also introduce the 
correlation coefficient under the PFHSS structure and develop an algorithm for decision-making by 
using the developed correlation coefficient. Furthermore, a case study on decision-making 
difficulties proves the application of the proposed algorithm. Finally, a comparative analysis with 
the advantages, effectiveness, flexibility, and numerous existing studies demonstrates this method's 
effectiveness. 

Keywords: Hypersoft set, intuitionistic fuzzy set, Pythagorean fuzzy soft set, Pythagorean fuzzy hypersoft 


set, correlation coefficient. 


1. Introduction 


Imprecision performs a dynamic part in many facets of life (such as modeling, medicine, 
engineering, etc.). However, people have raised a general question, that is, how can we express and 
use the concept of uncertainty in mathematical modeling. Many researchers in the world have 
proposed and recommended different methods of using uncertainty theory. First, Zadeh stepped 
forward the theory of fuzzy set (FS) [1] to resolve the problem of uncertainty and ambiguity. 
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In some cases, we need to investigate membership as a non-membership value to properly interpret 
objects that FS cannot handle. To overcome the above-mentioned issues, Atanasov proposed the 
idea of intuitionistic fuzzy sets (IFS) [2]. Researchers have also used several other theories, such as 
cubic intuitionistic fuzzy sets [3], interval value IFS [4], linguistic interval-valued IFS [5], etc. After 
carefully considering the above theories, the experts considered the essence, and the sum of its two 
membership values and non-membership values cannot exceed one. 


Atanassov's intuitionistic fuzzy sets only deal with insufficient data due to membership and non- 
membership values, but IFS cannot deal with incompatible and imprecise information. Molodtsov 
[6] proposed a general mathematical tool to deal with uncertain, ambiguous, and uncertain matters, 
called soft set (SS). Maji et al. [7] extended the concept of SS and developed some operations with 
properties and used the established concepts for decision-making [8]. Maji et al. [9] proposed the 
concept of a fuzzy soft set (FSS) by combining FS and SS. They also proposed an Intuitionistic Fuzzy 
Soft Set (IFSS) with basic operations and properties [10]. Yang et al. [11] proposed the concept of 
interval-valued fuzzy soft sets with operations (IVFSS) and proved some important results by 
combining IVFS and SS, and they also used the developed concepts for decision-making. Jiang et 
al. [12] proposed the concept of interval-valued intuitionistic fuzzy soft sets (IVIFSS) by extending 
IVIFS. They also introduced the necessity and possibility operators of IVIFSS and their properties. 


Garg and Arora [13] progressed the generalized version of the IFSS with weighted averaging and 
geometric aggregation operators and built a decision-making technique to resolve complications 
beneath an intuitionistic fuzzy environment. Garg [14] developed some improved score functions 
to analyze the ranking of the normal intuitionistic and interval-valued intuitionistic sets and 
established the new methodologies to solve multi-attribute decision making (MADM) problems. 
The idea of entropy measure and TOPSIS under the correlation coefficient (CC) has been developed 
by using complex q-rung orthopair fuzzy information and used the established strategies for 
decision making [15]. The authors [16] developed the aggregate operators by using dual hesitant 
fuzzy soft numbers and utilized the proposed operators to solve multi-criteria decision making 
(MCDM) problems. To measure the relationship among dual hesitant fuzzy soft set Arora and Garg 
[17] introduced the CC and developed a decision-making approach under the presented 
environment to solve the MCDM approach, they also used the proposed methodology for decision 
making, medical diagnoses, and pattern recognition. They also developed the operational laws and 
presented some prioritized aggregation operators under linguistic IFS environment [18] and 
extended the Maclaurin symmetric mean (MSM) operators to IFSS based on Archimedean T- 
conorm and T-norm [19]. 


As the above work is considered an environment where linear inequalities have been examined 
between membership degree (MD) as well as non-membership degree (NMD). However, if the 
decision-maker goes steady with object MD = 0.7 and NDM = 0.6, then 0.7 + 0.6 £¢ 1. We can see 
that; it cannot be handled by the above studied IFS theories. To overcome the above-mentioned 
limitations, Yager [20, 21] prolonged the IFS to Pythagorean fuzzy sets (PFSs) by modifying the 
condition T+ J<1 to 74+ J* <1. Zhang and Xu [22] defined some operational laws and 
extended the TOPSIS technique to solve MCDM problems under PFSs environment. Many 
researchers used the TOPSIS method for medical diagnoses, pattern recognition, and decision- 
making, etc. to find the positive ideal alternative in different structures [23-31]. Wei and Lu [32] 
presented several Pythagorean fuzzy power aggregation operators with their properties and 
proposed the decision-making approaches to solving MADM problems based on developed 
operators. Wang and Li [33] proposed the Pythagorean fuzzy interaction operational laws and 
power Bonferroni mean operators. Then, they discussed some specific cases of established operators 
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and considered their properties. Zhang [34] established a novel decision-making technique based 
on Pythagorean fuzzy numbers (PFNs) to solve multiple criteria group decision making (MCGDM) 
problems. He also developed the accuracy function for the ranking of PFNs and similarity measures 
under a PFSs environment with some desirable properties. Guleria and Bajaj [35] introduced a 
Pythagorean fuzzy soft matrix and its various possible types and binary operations with their 
properties. Further, they used the proposed Pythagorean fuzzy soft matrices for decision making 
by developing a new algorithm by using a choice matrix and weighted choice matrix. They also 
presented some noel information measures to solve MCDM problems [36]. Bajaj and Guleria [37] 
proposed the notion of object-oriented Pythagorean fuzzy soft matrix and the parameter-oriented 
Pythagorean fuzzy soft matrix has been utilized to outline an algorithm for the dimensionality 
reduction in the process of decision making. The authors developed the new (R, S)-norm 
discriminant measure of PFSs has been proposed along with its various properties and proposed a 
decision-making approach to solving MCDM problems [38]. Zulqarnain et al. [39] proposed the 
aggregation operators for Pythagorean fuzzy soft sets and established the decision-making 
approach using their developed technique. The authors of [40] extended the TOPSIS technique 
under Pythagorean fuzzy soft sets and used their proposed method for supplier selection in green 
supply chain management. 


Recently, Smarandache [41] extended the concept of soft sets to hypersoft sets (HSS) by replacing 
the one-parameter function F with a multi-parameter (sub-attribute) function defined on the 
Cartesian product of n different attributes. The established HSS is more flexible than soft sets and 
is more suitable for the decision-making environment. He also introduced the further extension of 
HSS, such as crisp HSS, fuzzy HSS, intuitionistic fuzzy HSS, neutrosophic HSS, and plithogenic 
HSS. Nowadays, HSS theory and its extensions are developing rapidly. Many researchers have 
developed different operators and properties based on HSS and its extensions [42-46]. Zulgarnain 
et al. [47] introduced the TOPSIS technique and aggregation operators for PFHSS. They also utilized 
their developed technique for the selection of anti-virus face mask. Abdel-Basset [48] uses 
plithogenic set theory to resolve uncertain information and evaluate the financial performance of 
manufacturing. Then, they use VIKOR and TOPSIS methods to find the weight vector of financial 
ratios using the AHP method to achieve this goal. Abdel basset, etc. [49] proposed an effective 
combination of plithogenic aggregation operations and quality feature deployment methods. The 
advantage of this combination is that it can improve accuracy and thus evaluate decision-makers. 


The following research is organized as follows: In Section 2, we review some basic definitions used 
in the following sequels, such as SS, FSS, IFS, IFSS, and IFHSS, etc. In Section 3, we propose some 
operations with their necessary properties such as union, intersection, restricted union, and 
extended intersection, etc. under PFHSS. We develop the AND operator, OR operator, necessity 
operation, and possibility operation with their several desirable properties in section 4. In section 
5, the idea of correlation coefficient in PFHSS structure is introduced, and develop the decision- 
making technique based on the presented CC. We also used the developed approach to solve 
decision making problems in an uncertain environment. Furthermore, we use some existing 
techniques to present comparative studies between our proposed methods. Likewise, present the 
advantages, naivety, flexibility as well as effectiveness of the planned algorithms. We organized a 
brief discussion and a comparative analysis of the recommended approach and the existing 
techniques in section 6. 


2. Preliminaries 
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In this section, we recollect some basic definitions which are helpful to build the structure of the 
following manuscript such as soft set, hypersoft set, fuzzy hypersoft set, and intuitionistic fuzzy 
hypersoft set. 
Definition 2.1 [6] 
Let U be the universal set and € be the set of attributes concerning U. Let P(U) be the power set 
of U and A CE. A pair (F, A) is called a soft set over U and its mapping is given as 
F:A > P(U) 

It is also defined as: 

(F,A) = {F(e) € P(U):e € €,F(e) = DifeE A} 
Definition 2.2 [9] 
F(U) bea collection of all fuzzy subsets over U and € be a set of attributes. Let A © €, thena 
pair (F, A) is called FSS over U, where F isa mapping suchas F: A > F(U). 
Definition 2.3 [41] 
Let U be a universe of discourse and P(U) be a power set of U and k = {ky, kz, k3,..., ky}(n 2 1) 
be a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; 
Kj = @ for n 21 for each i, j € {1,23 ... n} and i # j. Assume K, x Kz = K3x ... x Ky = A = 
{Ayn X Ag, X ++ X Any} be a collection of multi-attributes, where1 <h<a,1 sk < B,and1 <l 
< y, and a, B, and y € N. Then the pair (F, K, x Kz x K3x ... x Ky = A) is said to be HSS over 
U and its mapping is defined as 
F: K, x Ky x K3x...* Ky = A > P(U). 
It is also defined as 
(F, A)= {GF x(O:4€ A, Fy(G) € P(U)} 
Definition 2.4 [2] 
An IFS is an object of the form A = {((5;, 0.4(0i), T.a(5;)) | 6; € u)} on a universe U, where o.y 
and t4: U — [0,1] represents the degree of membership and non-membership respectively of 
any element 6; € U, toset A with the following condition0 < o,4(6;) +t.,4(6;) < 1. 
Definition 2.5 [10] 
Amapping F: A > F(U) is known as an IFSS and defined as Fs,(e) = {(6;, o4(6;), t.4(6;)) | 6, € 
u}, where o,,(6;) and t.4(6;) are the degree of acceptance and rejection respectively for all 6; € 
U and0 < o,4(6)),t.4(5i), O4(6i)) + T4(6;) S 1. 
Definition 2.6 [41] 
Let U be a universe of discourse and P(U) be a power set of U and k = {ky, ky, k3,..., Ry} (n 2 1) 


be a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; n 


Kj = @ for n 21 for each i, j € {1,2,3 ... n} and i # j. “Assume K, « Ky = K3x ... x Ky = A 


IA 


{Qin X A2x X ++ X Any} be a collection of sub-attributes, where1 < h< a,1< k < B,and1 <l 


x 


y,and a, B,and y € Nand F% bea collection of all fuzzy subsets over U. Then the pair (F, K; 
K, x K3x ... x Ky, = A) is said to be FHSS over U and its mapping is defined as 

Fi Ky & Re 8 Re ci ® Ky SAE, 

It is also defined as 

(F, A)= {((4F AO): 4€ A, F7(a) € F“ € [0,1]} 

Example 2.7 

Consider the universe of discourse U = {6,,6,} and & = {€, =Teaching methdology,?t, = 


Subjects, £3 = Classes} be a collection of attributes with following their corresponding attribute 
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values are given as teaching methodology = L, = {a,,; = project base,a,2 = class discussion}, 
Subjects = Lz = {a2, = Mathematics, azz = Computer Science,a,3 = Statistics}, and Classes = L3 


= {a3, = Masters,a3, = Doctorol}. Let A = L, x L, x L3 bea set of attributes 
A = Ly x Ly x Lz = {044,42} X {421,422,423} X {031,432} 
_ bed 21,431), (Ay1, 421,432), (A11, 422,31), (Ar1, 422, M32), (A11, 423, M31), (Ar1, A223, ae 


(Qy2, 421,431), (A12, 421,432), (A12, A221 431), (Ai2, A221 432), (Ai2, 423, 431), (Ai2, 423,432), 


A = {Gy, Az, dz, 4,5, Ag, 7, dg, Ao, Ay, 444, dy 2} 
Then the FHSS over U is given as follows 
(;, (0,6), (65,.3)); (ap, -7); (35-5) ), (a; (04, 8) (85,3) ), (4184.2); (0,8); 
(F, A)= + (ds, (51,-4), (52, .3)), (té¢, (51, -2), (62,5), (7, (51, -6), (52,-9)), (Hg, (61, -2), (62,.3)), 
(Go, (51,4), (62,-7)), (410, (51-1), (62,-7)), (Grr (51-4), (62,-6)), (Gs, (51, -2), (62,-7)) 
Definition 2.8 [46] 
Let U be a universe of discourse and P(U) be a power set of U and k = {ky, kz, k3,..., ky}(n 2 1) 


be a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; 


Kj = @ for n 2 1 for each i, j € {1,23 ... n} and i # j. Assume K, x Kz = K3x ... x Ky = A 


IA 


{Qin X Axx X ++ X Any} be a collection of sub-attributes, where1 < h< a,1<k < B,and1 <1 
y, and a, B, and y € Nand IFS" be a collection of all intuitionistic fuzzy subsets over U. Then 
the pair (F, K, x Kz x K3x...* K, = A) is said to be IFHSS over U and its mapping is defined as 
F: Ky * Kz * K3x...* K, = A > IFS", 

It is also defined as 

(F, A) = {((@Fz@):4€ A, Fy(@ € IFS“ € [0,1]}, where Fy(@ = {(5, of(@ (5), tra ()): 6 € 
u}, where o¢(a)(6) and T#(q)(6) represents the membership and non-membership values of the 
attributes such as o7(@)(6), Tea (6) € [0,1], and 0 < o¢(q)(6) + Tra (5) < 1. 

Simply an intuitionistic fuzzy hypersoft number (IFHSN) can be expressed as F = 


{ (orca (5), tra (5))}, where 0 < Or (a) (5) + Tr(a) (6) <1. 


3. Basic Operations and properties on a Pythagorean fuzzy hypersoft set 
In this section, we introduce PFHSS and some basic operations with their properties under the 


Pythagorean fuzzy hypersoft environment. 

Definition 3.1 

Let U be a universe of discourse and P(U) be a power set of U and k = {ky, kz, k3,..., Ky}(n 2 1) 
be a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; n 


Kj = @ for n> 1 for each i, j € {1,2,3 ... n} and i # j. Assume K, x Kz x K3x ... x K, = A 


IA 


{Ain X Axx X +X Any} be a collection of sub-attributes, where1 < h< a,1< k < B,and1 <1 
y, and a, B, and y € Nand PFS“ be a collection of all Pythagorean fuzzy subsets over U. Then 
the pair (F, K, x Kz x K3x...* Ky = Al) is said to be PFHSS over U and its mapping is defined as 
F: Ky * Ky * K3x...* Ky, = A > PFS", 

It is also defined as 

(F, A) = {((&Fy(@):4€ A, Fy(G) € PFS“ € [0,1]}, where F(a) = {(5, o¢(a (5), tea ()): 6 E 


u}, where o¢(q)(6) and T#(q)(6) represents the membership and non-membership values of the 


2 2 
attributes such as ogq(5), Trq)(6) € [0,1], and0 < (ar(a(6)) ap (tw (5)) neat 
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Simply a Pythagorean fuzzy hypersoft number (PFHSN) can be expressed as F = 


{ (ar (5),te@(5))}, where 0 < (op a(5)) + (tea@(6)) <1. 


Example 3.2 

Consider the universe of discourse U = {6,,6,} and 2 = {€, =Teaching methdology, ?, = 
Subjects, £3 = Classes} be a collection of attributes with following their corresponding attribute 
values are given as teaching methodology = L, = {a,,; = project base,a,z = class discussion}, 
Subjects = L, = {a,1 = Mathematics, az, = Computer Science, a3 = Statistics}”, and Classes = 
L3 = {a3, = Masters,a32 = Doctorol}. Let A = L, x Lz x Lz be aset of attributes 


A = Ly x Ly x Lg = {41,412} X {@21, 22,423} X {31,432} 
_ oe 21,431), (Ay1, 21, 432), (Q11, A22, 31), (11, A22, A32), (G11, A23, 431), (G1, A23, Be 
a (G42, 424,431), (42, 21,32), (12, A221 31), (G12, A272 A32), (Ay2, 23, 431), (A142, A23, 432), 
A = {a,, ap, a3, dy, ds, ae, ay, dg, dy, ayo, ay, dy} 
Then the PFHSS over U is given as follows 
(F, A)= 

(a1, (51, (6, .3)), (52, (5,-7))), (Go, (51, 6, -7)), (2, 7,-5))), (Gs, (Or, (4, 8)), (62, 63,-7))), 

(as, (51, (.6,-5)), (52, (5,.6))), (ts, (61,67,-3)), (82, 64,-8))), (Go, (51, 65,.4)), (52, 66,-5))), 
(7, (51, (.5,-6)), (82, (4,-5))), (ag, (61, 62,.5)), (Sz, 63,-9))), (Gos (51, (4, -6)), (62, (8,-5))), 
(G10, (51, C7, -4)), (2, 67,.2))), (Gas, (x, C4,-5)), Ga, (5, -3))), (G2, (1, C5,-7)), 62, (4,-7))) 

Definition 3.3 
Let (F, A) and (G, 8) be two PFHSS over U, then (F, A) is said to be a Pythagorean fuzzy 
hypersoft subset of (G, B), if 

1 ACB 

2. Faia) © Gag (6) forall 6 € U. 
Where o¢(a)(6) < o¢(@(6), and Tea(6) = Te(a(5): 6 € U. 
Definition 3.4 
Let (F, A) and (G, 8) be two PFHSS over U, then (F, A) =(G, 8), if (F, A) € (G, B) and (G, 8) 
c (F, A). 
Definition 3.5 
Let U bea universe of discourse and A bea set of attributes, thena pair (0, A) is said to be empty 
PFHSS, if o¢(a)(6) = 0, and trq)(6) = 1 for all @ € A and 6 € U. It can be represented by 
@xa)(5) and defined as follows 
(0,A) = {ti,(6,(0,1)):5 € Uae A}. 
Definition 3.6 
Let U be a universe of discourse and A be a set of attributes, then a pair (0,A) is said to be 
universal PFHSS, if o¢(q)(5) =1, and tq)(6) =0 forall d@ € A and 6 € U. It can be represented 
by Egca)(6) and defined as follows 
(E, A) = {4% (5,(1,0)):6 € Uae A}. 
Definition 3.7 
Let (F, A) = {(& (6, o¢(a (6), Tr(a (5): 6 € U): & € A} be a PFHSS over U, then its complement is 
denoted by (F,A)*, and is defined as follows (F,A)° = {(&,(5, tra) (8), or(@(5)): 6 € U): 4 E A f. 
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Proposition 3.8 
If (F, A) be a PFHSS, then 
1. (F°,A)° =(F, A) 
2. (0°, A)= (E, A) 
3. (E°,A) = (0,A) 
Proof 1 
Let (F, A) = {(G,(5, oF(a)(6), te(@(5)): 6 € U): dE A} be a PFHSS over U, then by using 
definition 3.7. we have 
(FS, A) = {(%,(5, tea (8), Or(@y(5)): 6 € U): & € A }. Again, “by using definition 3.7 
(FS, A)® = {(&, (5, oF(a) (6), Tea (6)): 6 EU): GE A} 
Hence, 
(F°,A)° =(F, A). 
Similarly, we can prove 2 and 3. 
Definition 3.9 
Let (F, A) and (G, 8) be two PFHSS over U, then their union is defined as 
(F, A) U (G, B)= {5,(max{o¢a) (5), a6 (a (5) }, min{t ea) (4), toa (6)}):6 € Lae A}. 
Proposition 3.10 
Let (F, A), (G, 8), and (H, €) be three PFHSS over U. Then 
(F, A) u (F, A)=(F, A) 
(F, A) U (0, A) =(F, A) 
(F, A) U (E,A) = (E,A) 
(F, A) UG, B)=G, 8) U (F, A) 
5. ((F, A) UG, B))U (H, C)=(F, A) vu (GB) UH, 0) 
Proof 1 As we know that 


all a a 


(F,A) = {(5, on a)(8), tr(a)(5)) | Se u} be an PFHSS, then 
(F, A) U (F, A) = {5,(max{og a(S), oF (a) (6) }, min{t ea) (5), Te(@y(S)}):6 €E UAE A} 
(F, A) UF, A)= {(5,0r@ (6), tr@(6)) | 5 € U} 


Hence 
(F, A) U (F, A)=(F, A). 
Proof 2 As we know that 


(F, A) = {(6, c5(a)(8), te (8)) | 6 € U} be a PFHSS, and (0,4) = {%,(5,(0,1)):5 € Uae A} 


be an empty PFHSS. Then, 
(F, A) U (0,A) = {5, (max{op a (5), 0}, min{tz(q(5), 1}):6 € Wa|E A} 


(F, A) U (0A) = {(5,05(@ (5), te (5)) | 6 € Ut. 


(F, A) U (0,A) =(F, A). 
Proof 3 As we know that 
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(F, A) = {(6,0%(a(5), tecay(8)) | 6 € U} be a PFHSS, and (E,A) = {%,(5,(1,0)):5 € Uae A} 


be an empty PFHSS. Then, 

(F, A) U (E,A) = {5, (max{og a(S), 1}, min{tz(q (6), 0}):6 € UAE A} 
(F, A) U (E,A) = {%,(6,01,0)):6 € Uae A}. 

(F, A) U (E,A) = (EA). 

Proof 4 As 


(F,A) = {(6,0¢@)(5),te@(6)) |5€ U} and GB) = {(5,05a(5),t¢a(5)) | 6 € U} be two 


PFHSS, then 

(F, A) UG, B)= {6, (max{o¢ a (5), a6 (8) }, min{te~@(O), Tem (O)}):6 € L&E AUB} 
(F, A) UG, B)= {6, (max{ a6 ¢@)(6), oF a) (5)}, min{t ea (5), Te@(O)}):6 E UAE AUB} 
(F, A) UG, B)=(G, B) U (F, A). 

Similarly, we can prove 5. 

Definition 3.11 

Let (F, A) and (G, 8) be two PFHSS over U, then their intersection is defined as follows: 
(F, A) n (G, B)= {6, (min{og(a (5), a6 (4) (5)}, max{te(@ (5), Tera) (S)}):6 € LAE A}. 
Proposition 3.12 

Let (F, A), (G, 8), and (H, €) be three PFHSS over U. Then 


1. (F, A) nN (F, A)=(F, A) 
2. (F, A) n (0,A) =(F, A) 
3. (F, A) n (E,A) = (EA) 
4. (F, A) n (G, 8)=G, B) n GF, A) 


5. (F, A) G, B)n H, C=(F, A) 1 (GB) 9 (H, ©) 
Proof By using Definition 3.11 we can prove easily. 
Proposition 3.13 
Let (F,A) and (G,%) be three PFHSS, then 

1. ((F,A) u GB) = (FA) 1 (6,8) 

2. (FA) n GB) = (FA) u GB) 


Proof 1 


As we know that 


(F,A) = {(6,07@(5),tr@(6)) | 5€ U} and GB) = {(5,05a(5),tga(5)) | 6€ U} be two 


PFHSS, then by using Definition 3.9 
(F, A) U G, 8B) = {6, (max{op(a) (8), og (a) (5)}", min{t ea) (9), T¢ x) (5)}): 6 EU,aE A}. 


By using definition 3.7, we have 


((F, A) u G,B))° = {65, (min{ts@ (5), toca (6)}, max{oz(a (5), oG¢@(5)}):6 € Mae A} 
Now 


(F, A) = {«(6, te@(O), ox(a)(5)) | Se u} and (G,8)° = {((6, ta (5), oq) (5)) | Se uy}. 
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By using Definition 3.11 

(F, A) fa) (Gg, 8) a {6, (min{t¢,a (5), tea (6) }, max{ orca (5), O64 (5)}): 6 E Ua E A } 
So 

((F, 4) u (G,B)) = (F,4)° n (6,8) 

Proof 2 


As we know that 
(F,A) = {«(6, x(a) (8), ta (5) |5e uw} and (G,%) = {«(6, a@ a) (5), t6(a)(8)) | se uy} be two 


PFHSS, then by using Definition 3.11 

(F, A) n (G, B) = {5, (min{og(a (8), oG (a (5) }, max {tea (4), toa) (6)}):6 € Lae A}. 
By using Definition 3.7, we have 

((F, A) n G,B))° = {5, (max{tea (5), tea (5)}, minfor(a (5), oga(6)}):6 € Uae A} 
Now 


(FA) = {(5, tea), or@(6)) | 5 € U} and (G,B)° = {(6,t6(a)(0), o6¢)(6)) | 5 € U}. 


By using Definition 3.9 

(F, A) U (G, B)° = {6, (max{t¢ a) (6d), TG(a) (5)}, min{or(@ (6), 9G(a) (5)}): O€E U, ae A } 
So 

((F, A) 1 G,B))° = (FA) U (G8) 

Definition 3.14 

Let (F, A) and (G, 8) be two PFHSS over U, then their restricted union is defined as 


Or a(S) ifiEeA-BdsEeu 
a(F, A) Ur(G, B) = 4 Ga) (8) ifieB-ASEU 
max{o¢(a)(5), IG (a) (6)} ificAnBdseu 
Ta (0) ifaEecA-Bdseu 
t(F, A) Ur(G, B) = 4 Toa (5) ifieB-ASEU 
min{t¢ (a) (5), Tea (5)} ifiecAnBoeEuU 
Definition 3.15 
Let (F, A) and (G, 8) be two PFHSS over U, then their extended intersection is defined as 
ora) (5) ifiEeA-BdEeu 
o(F, A) Ne (G, B)= 4 O64 (8) ifaiEeB-AdéeEU 
min{or a(S), oGa) (6) } ifiEeAnBoeu 
Tr(a (6) ifiecA-BdeEuU 
t(F, A) Ne G, B)= 4 Tea (O) ifaEeB-ASEU 
max{t ra) (5), Ta) (d) } ificANBdEU 
Proposition 3.16 


Let (F, A), and (G, 8) be two PFHSS over U, then 
1. (F,A) U ((F,A) n G,B)) = (F,A) 
2. (F,A) n ((F,A) U G,B)) = (FA) 
3. (F,A) Up (FA) n. GB) = (FA) 
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4. (F,A) Me ((F,A) Up (G,8)) = (F,A) 


Proof 1 Consider 

(F, A) = {(&,(5, ofa) (8), te(~(6)): 6 EU): 4E A, }, and (G,B) = {(& (6, o6(a) (5), Tea (6)): 6 € 
U): & € B, } are two PFHSS over the universe of discourse U 

(F, A) n (G,B) = {6, (min{or (4), a6 (a (5)}, max{te(a (5), toa ()}):6 € UF 

(F,A) u ((F,A) n G,8)) = 


{6, (max {op(a)(5), min{or a (5), og¢a(5)}}, min {tea (5), max{te(a)(O), tea (5)}}):5 € Uf 


(F,A) U ((F,A) 9 (G,B)) = {(& (5, ofa (5), Tra (6)): 5 € U): & E A}. 

Therefore, 

(F,A) U ((F,A) 0 G,B)) = (FA). 

Proof 2 Consider 

(F, A) = {(&,(5, oF(@)(5), tra (6)): 6 EU): E A}, and (G,B) = {(& (6, a6) (8), Toca (6)): 6 € 
u): ae B} are two PFHSS over the universe of discourse U 

(F, A) U (G,B) = {6, (max{or a (5), a6 (5)}, min{te(a (5), toa (O)}):6 € UF 

(F,A) n ((F,A) u G,8)) = 


{6, (min {oa (5), max{ox,a (5), og(a)(5)}}, max {te@)(5), min{tx(a)(6), toa (5)}}):5 € Uf 


(F,A) n ((F,A) U (G,B)) = {(& (5, oF (5), Tra (6)): 5 € U): & € A}. 

Therefore, 

(F,A) n ((F,A) U G,B)) = (FA). 

Similarly, we can prove 3 and 4. 

4. Logical operators and Necessity and Possibility operators under the Pythagorean fuzzy 
hypersoft set. 

In this section, we propose the idea of AND-operator, OR-operator, Necessity operator, and 
possibility operator under the PFHSS with their several desirable properties. We also introduce the 
correlation coefficient under the PFHSS environment. 

Definition 4.1 

Let (F, A) and (G, 8) be two PFHSS over U, then their OR-operator is represented by (F, A) v 
(G, 8) and defined as follows 

(F, A) v (G, 8) = (A.A x B), where A(G, x G2) = F x(a) U Gg(G) forall (4, x a) € Ax 8. 
MG, X G2) = {max{or.a,)(5), 062, (6) }, min{tea, (6), t6a,)(O)}:6 € Wie A} 

Definition 4.2 


Let (F, A) and (G, 8) be two PFHSS over U, then their AND-operator is represented by (F, A) a (G, 
8) and defined as follows 


(F, A) » (G, B)= (AA x B), where ACG, x G2) = F x) N G RG) for all (%, x a) € AxB. 
Miz X Gz) = {min{og(a,) (5), o6(2,)(5)}, max{te(2,) (6), T6ca,)(O)}:6 € UF 
Proposition 4.3 
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Let (F, A), (G, %), and (H, €) be three PFHSS over U. Then 
(F,A) v G8) = G,B)v (F, A) 
(F, A) »(G,B) = GB) (F, A) 
(F,A) v (G8) v (H, C))=((F,A) v G,B)) v (H, ©) 
(F, A) »(G,B) 9 (H, C))=((F,A) a G,B)) 0 (H, ©) 
((F, A) v (G, 8)" = FCA) 1» °( 8) 
6. (FA) 0G B))° = F(A) v (8) 
Proof 1 By using Definitions 4.1, 4.2 we can prove easily. 
Definition 4.4 
Let (F, A) be a PFHSS, then necessity operation on PFHSS represented by ® (F, A) and defined 


OF ct GaNe 


as follows 

® (F, A) = {(&, (5, o¢ a (5), 1 — oF (a) (5)): 6 EU): 4 E A, } 

Definition 4.5 

Let (F, A) be a PFHSS, then possibility operation on PFHSS represented by (F, A) and defined as 
follows 


@ (F, A)= {(& (6,1 — tea (5), te (8)): 6 € U): & € A, } 
Proposition 4.6 


Let (F, A) and (G, 8) be two PFHSS, then 
1. O((F,A) Ur G,B)) =OG, B) Ur OF, A) 
2. O((F,A) a. GB) =OG, B) na. OF, A) 


Proof 1 

As we know that 

(F,A) = {(5, oa) (8), ta (8) |o€E u} and (G,8) = {(5, a4 @)(5), toca (5)) |o€E u} are two 
PFHSS. 

Let ((F, A) Up (G,B)) =(H, ©) 


O(a) (5) ifaicA-Bdseu 
o(H, C)= 4 a¢(a(6) ifieB-A SEU 
max{ og (a) (8), Ga) (5)} ifiecANBoeu 
Tr(a) () ifaieA-Bseu 
t(H, C)= 4 tea) (8) ifieB-AdEU 
min{t¢ a) (5), Ta (5)} ificAnBdoeu 
By using Definition 4.4 
Or(a)(6) ifiecA-Bdseu 
@ a(H, C)= 4 o6(a (5) ifaiEeB-ASEU 
max{o¢(a)(8), Ga) (5)} ifaicAnNBdoeu 
1 — oF (a) (8) ifiecA-Bdoeu 
@t(H, C)= 41 - aga (5) ifaEeB-Asdeu 
min{1 — o¢@)(5), 1 — 96a (8)} ificAnNBoeu 


Assume @(F, A) Up @(G, 8)= &, where @(F,A) and @(G,B) are given as follows by using the 
definition of necessity operation. 
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@ (FA) = {(5,cr(@)(6),1- ar@(5)) | 6 € U} and © GB) = {(5,05:(5),1 - 95 (5)) | 6 
ul. By using Definition 3.14 


O(a) (5) ifaEecA-Bdseu 
ON = 4 oGa) (8) ifaEeB-AdéeEU 
max{ o¢(%)(5), OG a) (5)} ifiGAnNBdosEeu 
1 — o¢(a)(6) ifieA-BdEeu 
TN = 41 -o6a (5) ifaEeB-AdEU 
min{1 — o¢a)(5), 1 — o¢(a(5)} ificAnB seu 


Consequently ® (H, ©) and & are the same, so 
® ((F,A) Up (G,B)) = 8G, B) Ur OF, A). 


Proof 2 
Let ((F,A) nz (G,B)) =(H, ©) Pa 
Or a) (6) ificA-Bdseu 
o(H, C)= 4 aga) ifiEeB-AdEU 
min{og(x (5), O(a) (5)} ifiecAnNBo5eu 
Tr(a) (O) ifaEecA-Bdseu 
t(H, C)= 4 tea) (8) ifaiEeB-ASEU 
max{t@)(), ta (6)} ificAnNBoeu 
By using Definition 4.4 
O(a) (9) ifaicA-Bdseu 
@ a(H, C) = 4 o6(a (5) ifaiEeB-ASEU 
min{ ora (5), Fa (5)} ificAnBosEeu 
1 — ofa (5) ificA-Bdseu 
@r(H, C)= 41 -a¢a(6) ifaiEeB-A SEU 
max{1— a¢(@)(6),1 — o¢¢@)(6)} ifiecAnBoeu 


Assume ® (G, 8) N, @ (F, A) = 8, where @(F,A) and @(G, B) are given as follows by using 
the definition of necessity operation. 


@(F,A) = {(5,0¢(@)(5),1- ar @(5)) | 6 € U} and © GB) = {(5,05:a(5),1 - 95 (5)) | 
ul. By using Definition 3.15 


O(a (6) ifiEeA-Bdseu 
O’ = 4 O¢(a (6) ifieB-ASEU 
min{or a) (5), Ga) (d)} ificAnNBseu 
1 — ofa) (5) ificA-BdeEuU 
TR = 4 1 — og (6) ifaieB-ASEU 
max{1 — o¢¢q(5), 1 — o¢(2)(5)} ificANBoeuU 


Consequently ® (H, ) and & are the same, so 
O((F,A) n. G,B)) = 8G, B) Ne OF, A). 


Proposition 4.7 

Let (F, A) and (G, 8) be two PFHSS, then 
1. @ ((F,A) Up G,B)) = @ G 8) UR @ (F, A) 
2. @ (FA) n. G8) = @ G, B) Ne @ (F, A) 


Proof 1 
As we know that 
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(F,A) = {(5, oa) (8), ta (8) | SE u} and (G,%) = {(5, a@(@)(5), tea (5)) |o€ u} are two 
PFHSS. 
Let ((F,A) Up (G,B)) =(H, ©) 


Ora) (0) ifaiecA-Bseu 
a(H, C)= 4 o¢¢a)(6) ifiEeB-A,dEU 
max{o¢(a)(8), Ga (5)} ifiecAnNBdeu 
Tx(a) (6) ifiecA-BdeEuU 
t(H, C)= 4 tea (8) ifaEeB-AsdeEeu 
min{t g(a (5), Tg ca) (6) } ifiEcANBdeu 

By using Definition 4.5 
1 — Te(@(6) ifieA-BdeEuU 
@ a(H, C)= 41-6 a)(6) ifieB-ASEU 
max{1 — t¢a)(8), 1 — tea (6)} ificANBSeu 
Tea (d) ificA-BdeEU 
@ t(H, C)= 4 te a(8) ifaeB-ASeEu 
min{t¢ (a) (5), Toa) (5)} ifiEeANBoeu 


Assume @ (F,A) Up @ (G,8)= 8, where @ (F,A) and ® (G,%) are given as follows by using 
the definition of necessity operation. 


@ (FA) = {(5,1-te@(O), te (6)) | 5 € U} and @ GB) = {(5,1- te), t4@(5)) | OE 
ul. By using Definition 3.14 


1 — Tea (8) ifaiEcA-Bseu 
oN = 4 1- tea (6) ifiEeB-A,dEU 
max{1 — tea)(5), 1 — tea (6)} ifiecAnBdeu 

Tea (6) ifiEeA-BdsEeu 

TN = 4 Tea (5) ifiEeB-ASEU 

min{t¢(a@) (5), Tea (5)} ificANBdsEeu 


Consequently ® (H, C) and & are the same, so 

@ ((F, A) Ur G,B)) = @ G, B) Ur ® (F, A). 

Proof 2 

As we know that 

(F,A) = {(5, cca (8), tea (5)) | de u} and (G,%) = {(5, aga) (5), toca (5)) |O€ u} are two 
PFHSS. 

Let ((F,A) nz (G,B)) =(H, ©) 


ora) (8) ifiEeA-Bdseu 
o(H, C)= 4 aga (6) ifieB-Asbeu 
min{ og (a) (8), 0a) (5)} ifiecANBoeu 
Tr(a) (5) ifaEcA-Bdoeu 
a(H, C)= 4 tecay(5) ifieB-AdEU 
max{t¢@)(), ta (5)} ifiEeANBoeu 

By using Definition 4.5 
1 — Tr(a (5) ifaEcA-Bdoeu 
@ o(H, C)= 41- tea (0) ifaEeB-ASeEU 


min{1 — te@(8), 1 — Tea (5)} ifiecANBoeu 
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Tr(a) (6) ifaEcA-Bseu 
@ e(H, C)= 4 tea (8) ifaEeB-ASEU 
max{t¢(a)(4), T 6a (O)} ifaeAn BoEeu 


Assume @ (F,A) nN, @ (G,B)= 8, where ® (F,A) and @ (G,%B) are given as follows by using 
the definition of necessity operation. 


@ (FA) = {(5,1- tea (6), tea (6)) | 5 € U} and @ GB) = {(5,1- te), t4@(5)) | OE 
ul. By using Definition 3.14 


1 — tea) (5) ifiEeA-BdEeu 
oN = 4 1— Tea (5) ifaEeB-ASEU 
min{1 — te@(8), 1 — Tea (5)} ificANBdoeu 
Tr(a) (O) ificA-Bdseu 
TN = 4 Toa (6) ifieB-ASEU 
max{t¢ (5), Ta) (6)} ificANBdoeu 


Consequently ® (H, C) and & are the same, so 
@ ((F,A) ne GB) = @ GB). ® GF, A). 
Proposition 4.8 

Let (F, A) and (G, 8) be two PFHSS, then 


O((F,A) 0 (G,B)) =O (F, A) n OG, 8) 
® ((F,A) v (G,B)) =O (F, A) v OG, 8) 
@ ((F, A) (G,B)) = @(F,A) 0 @ GB) 
4. @((F,A)v(G,B)) = @(F,A) v @G,8B) 


Proof 1 Proof is straight forward. 


a ate ue 


5. Application of Correlation Coefficient for Decision Making Under PFHSS Environment 
In this section, we present the correlation coefficient under the PFHSS environment and 
establish an algorithm based on the proposed CC under PFHSS and utilize the proposed approach 


for decision making in real-life problems. 
Definition 5.1 


Let (F, A) = {(5;, oa, (6), tay (5)) | 5: € Uf and GB) = {(6, o6¢%9(5:), toca (5) | 5: € 
u} be two PFHSSs defined over a universe of discourse U. Then, their informational energies of 
(F,A) and (G,%) can be described as follows: 


Spenss(F,A) = Deer Dia ((crca(5D). + (crcm(60) ) 

Spruss(G,8) = DeaTt1 ((sgeay(6) + (tecm»(6) ). 

Definition 5.2 

Let (FA) = {(6, 074, )(6), ta (6)) | 6 € UF and GB) = {(5,, 06a (5), tea) | 5; € U} 


be two PFHSSs defined over a universe of discourse U. Then, their correlation measure between 
(F,A) and (G,%) can be described as follows: 


Conuss((F.A), GB) = ERAEEs (cred) * (seca) + (tera) *(taran(Sd) ): 
Definition 5.3 
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Let (F, A) = {(5; 0(@,)(6), tra (5)) | 5: € Uf and GB) = {(6, o6¢%9(5:), toca 5) | 5: € 
u} be two PFHSSs, then correlation coefficient between them given as 6 russ ((F ; A), (G,B8)) and 


expressed as follows: 


“7 aes ec ; ‘Sis i #8 
Opruss((F, A), (G, B)) = PFuss((F.A),(G,8)) 


| SpFHss(F.A)* | SpFHss(G,8) 


Siruss((F, A), (G,B)) = 
‘ap re (Caen) * (o¢a,)(6) + (ta) (6) * (t6ca,)(5:)) ) 


4 4 4 4 
Jers 2% ((ereo(6d) + (trap(60) ) Jers dt% ((aan(60) + (tecao(5d) ) 
5.1 Algorithm for Correlation Coefficient under PFHSS 


Step 1. Pick out the set containing sub-attributes of parameters. 

Step 2. Construct the PFHSS according to experts in form of PFHSNs. 

Step 3. Find the informational energies of PFHSS. 

Step 4. Calculate the correlation between PFHSSs by using the following formula 


Cpruss((F, A), (G, B)) = Deer Dika ((crcay(60), * (asa (6)) F (toad) * (toca,)(60) ) 


Step 5. Calculate the CC between PFHSSs by using the following formula 


Spruss((F, A), (G, 8)) = —SeeHssE ALCS) 
| SpFHss(F.A)* | SpFHss(G,8) 


Step 6. Choose the alternative with a maximum value of CC. 


Step 7. Analyze the ranking of the alternatives. 


A flowchart of the above-presented algorithm can be seen in Figure 1. 


eInput Alternatives and sub-attributes of parameters 

eExpert's evaluation for each alternative in terms of PFHSNs according to sub-attributes 
values of the parameters 

Compute the informational energies for each alternative 

¢Measure the correlation between alternatives sub-attributes and department 
requirenment 


Compute the correlation coefficient 
¢Choose the alternative with a maximum value of CC 
e Analyze the ranking of the alternatives 


Figure 1: Flowchart for correlation coefficient under PFHSS 
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5.2 Problem Formulation and Application of PFHSS For Decision Making 


Department of the scientific discipline of some university U will have one scholarship for the 
position of the doctoral degree. Several students apply to get a scholarship but referable 
probabilistic along with CGPA (cumulative grade points average), simply four students call for 
enrolled for undervaluation such as J = {71,77,7°,T*} be a set of selected students call for the 
interview. The president of the university hires a committee of four decision-makers (DM) U = 
{0,, 02, 03,0,} for the selection of doctoral degree student. The team of DM decides the criteria 
(attributes) for the selection of doctoral degree such as 2 = {¢£, = Publications, £, = Subjects, f3 = IF} 
be a collection of attributes and their corresponding sub-attribute are given as Publications = ¢; = 
{a,, = more than 10,a,2 = lessthan10} , Subjects = #2, = {a,; = Mathematics,a,, = 
Computer Science}, and IF = €3 = {a3; = 45,a3, = 47}. Let 2’ = €, x €, x €3 bea set of sub- 
attributes 
R= €, x by * bs = {Ay1,A12} X {A21,A22} X {a31,A32} 
= So 21, 431), (A141, G21, 432), (A141, A22, 431), (Qi1, A22, 432), 


(A142) 21,31), (A142, Az1, M32), (Ay2, Az2, 431), (G12, 222,432) 
set of all multi sub-attributes. Each DM will evaluate the ratings of each alternative in the form of 


PFHSNs under the considered multi sub-attributes. The developed method to find the best 
alternative is as follows. 


\ QW! = {ty Gp, Uy, hy, Us, tig, Ay, ig} be a 


5.3 Application of PFHSS For Decision Making 


Assume J = {J1,77,T3,T7*} be a set of alternatives who are shortlisted for interview and & = 
{€, = Publications, £; = Subjects, £3 = Qualification} be a set of parameters for the selection of 
scholarship positions. Let the corresponding sub-attribute are given as Publications = ?, = 
{a,, = more than 10,a,2 = lessthan10} , Subjects = #2, = {a,; = Mathematics,a,, = 
Computer Science}, and IF = €3 = {a3; = 45,a3, = 47}. Let 2’ = €, x €, x #3 bea set of sub- 
attributes. The development of the decision matrix according to the requirement of the scientific 
discipline department in terms of PFHSNs is given in Table 1. 


Table 1. Decision Matrix for Concerning Department 


9 ay a, a3 a4 as Ag ay ag 

0, (.3,.8) (.7.3) (.6,.7) (.5,.4) (.2,.4) (.4,.6) (.5,.8) (.9,.3) 
02 (.6,.7) (. 4, .6) (.3,.4) (.9,.2) (.3,.8) (.2,.4) (.7,.5) (.4,.5) 
03 (.7,.3) (.2,.5) (.1,.6) (.3,.4) (.4.6) (.8,.4) (.6,.7) (.2,.5) 
04 (.8,.4) (.2,.9) (.2,.4) (.4,.6) (.6,.5) (.5,.6) (.4,.5) (.8,.3) 


Develop the decision matrices for each alternative in terms of PFHSNs by considering their sub- 


attributes values of given attributes can be seen in Table 2- Table 5. 
Table 2. Decision Matrix for Alternative J 


TH ti ai, tis ty tis lig ai, tig 
a; C726) “C3.4)° SES) 63.9) -CS). C4 “C75)- <C48) 
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ay (8.5). 4) 692) -6Z4) 
Oe CPD). “CS Hae SG) 
a 654) 67,6) 69.3) £685) 


(4,5) (.9,.3) 
(6:7) (3,4) 
(.9,.2)  (.2,.4) 


Table 3. Decision Matrix for Alternative T @ 


TA a, ay a3 ay 
a, (66-5) (3,8) (4.5) (.7,.4) 
a. (8.4) (9,3)  (1,.8) (2) 
de 2G687)- (CTAy- G75) (.3,.4) 
a, (5,4) ¢4,.8)  (5,.6) (.3,.4) 


tis ig 
(.6,.4) (.4,.5) 
(Ae). a7) 
(.9,.2)  (.6,.5) 
C76) 675) 


Table 4. Decision Matrix for Alternative T® 


Te) ti, ti tis ti, 
a. C57)" 268s) CRD 7043) 
0 CES: CRA UCR SR C5.) 
8; (6.8) (64.5) (6.5) (6,4) 
O,. “CSQ7) 30953). “CS;8) 547) 


as a 
(4.9) (.2,.4) 
(5.7) CRS) 
(.7,.5) — (.8,.4) 
(3.5) (8,5) 


Table 5. Decision Matrix for Alternative T@ 


TH uy ti, tis ty 
8. (66-5) (3,8) (4,5) Cape 
a. (8.4) 69,3)  (1,.8) (.1,.2) 
a, (6.7) (¢7,.4  G7,.5) (.3,.4) 
a, (65,4) ©4,.8)  (5,.6) (.3,.4) 


tis tig 
(6.4) (4,.5) 
(4.6)  (3,.7) 
(9.2) €6,.5) 
(.7,.6)  (7,.5) 


(29) 
(.9,.2) 
(.4,.6) 


a, 
(.3,.4) 
(.6,.8) 
(3,.5) 
(.4,.9) 


(.3,.8) 
(.7,.2) 
(.6,.5) 


(7:5) 
(.8,.4) 
(.6,.7) 
(.5;.2) 


By using Tables 1-5, compute the correlation coefficient between Spryss(@I), Spruss(,T™), 


Opruss(OT), Spruss(,T™) by using Definition 5.3 given as follows: 
Opruss (9,7?) = .99658, Spryss(9,7™) = .99732, Spruss(,T) = .99894, and Spryss(—,T) = 
.99669. This shows that Spryss(9,F) > Spryss(P,T™) > Spruss(,I™) > Spryss (9,7). It 


can be seen from this ranking alternative J is the most suitable alternative. Therefore T® is 


the best alternative, the ranking of other alternatives given as T®) > FT >TF > 7. Graphical 


results of alternatives ratings can be seen in Figure 2. 
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0.9995 


0.999 Correlation Coefficient for, PF S 
0.9985 
0.998 
0.9975 


0.997 


99669 
0.9965 


0.996 
0.9955 


0.995 
TA(1) TA(2) TA(3) TA(4) 


=e) 2) 6) 4) 
Figure 2: Alternatives rating based on correlation coefficient under PFHSS 


6. Discussion and Comparative Analysis 


In the following section, we are going to debate the effectivity, naivety, flexibility as well as 
favorable position of the suggested method along with the algorithm. We also organized a brief 
comparative analysis of the following: The suggested method along with the prevailing approaches. 


6.1 Superiority of the Proposed Method 


Through this research and comparative analysis, we have concluded that the proposed 
methods' results are more general than prevailing techniques. However, in the decision-making 
process, compared with the existing decision-making methods, it contains more information to deal 
with the data's uncertainty. Moreover, many of FS's mixed structure has become a special case of 
PFHSS, add some suitable conditions. In it, the information related to the object can be expressed 
more accurately and empirically, so it is a convenient tool for combining inaccurate and uncertain 
information in the decision-making process. Therefore, our proposed method is effective, flexible, 


simple, and superior to other hybrid structures of fuzzy sets. 


Table 6: Comparative analysis between some existing techniques and the proposed approach 


Set Truthine Falsit Attribute Multi Advantages 
ss y s sub- 
attributes 
Zadeh [1] FS Vv x Vv x Deals uncertainty by 
using fuzzy interval 
Atanassov [2] IFS Vv Vv Vv x Deals uncertainty by 


using MD and NMD 
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Yager [21] PFS J J JV x Deals more uncertainty 
by using MD and NMD 
comparative to IFS 


Zulqamainet IFHSS Vv Vv Vv Vv Deals uncertainty of 
al. [46] multi sub- 
attributes 
Proposed PFHS Vv Vv Vv ¥ ___ Deals more uncertainty 
approach S comparative to IFHSS 


6.2 Comparative Analysis 


By using the technique of Zadeh [1], we deal with the true information of the alternatives, but 
this method cannot deal with falsity objects and multi sub-attributes of the alternatives. By utilizing 
the Atanassov [2], and Yager [21] methodologies, we cannot deal with the alternatives’ multi-sub- 
attribute information. But our proposed method can easily solve these obstacles and provide more 
effective results for the MCDM problem. Zulqarnain et al. [46] presented IFHSS deals with the 
uncertainty by using the MD and NMD of the sub-attributes of a set of parameters, but the sum of 
MD and NMD of sub-attributes cannot exceed 1. In some cases the sum of MD and NMD exceeds 
1, then existing IFHSS fails to deal with such situations. Instead of this, our developed method is an 
advanced technique that can handle alternatives with multi-sub-attributes information when the 
sum of MD and NMD exceeds 1. A comparison can be seen in the above-listed Table 6. However, 
on the other hand, the methodology we have established deals with the truthiness and falsity of 
alternatives with multi sub-attributes. Therefore, the technique we developed is more efficient and 
can provide better results for decision-makers through a variety of information comparative to 
existing techniques. 


7. Conclusion 


The Pythagorean fuzzy hypersoft set is a novel concept that is an extension of the intuitionistic 
fuzzy soft set and generalization of the intuitionistic fuzzy hypersoft set. In this work, we studied 
some basic concepts and developed some basic operations for PFHSS with their properties. We 
proposed the AND-operation and OR-operation under the PFHSS environment with their desirable 
properties in the following research. The idea of necessity and possibility operations with numerous 
properties under the Pythagorean fuzzy hypersoft set is also presented in it. Furthermore, the 
concept of CC is also established in this research with its decision-making methodology. We used 
the developed methodology to solve decision-making problems to ensure the validity and 
applicability of the developed decision-making methodology. Furthermore, A comparative analysis 
is presented to verify the validity and demonstration of the proposed method. Finally, based on the 
results obtained, it is concluded that the suggested techniques showed higher stability and 
practicality for decision-makers in the decision-making process. In the future, anyone can extend 
the PFHSS to interval-valued PFHSS, aggregation operators, and TOPSIS technique under PFHSS. 
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Abstract: In this chapter, we stretch out the TOPSIS technique to illuminate MAGDM issues in the 
interval valued neutrosophic hypersoft set environment. To build up the proposed TOPSIS 
procedures, distance measures, similarity measures and the concept of interval valued 
neutrosophic hypersoft matrices (IVNHSM) is introduced along with definitions, theorems, 
propositions and examples. To exhibit dependability and suitability of the proposed TOPSIS 
technique, we solve a numerical example for the selection of the best marriage proposal. TOPSIS is 
a fascinating tool for dealing with MCDM. The Future directions and the limitations of the proposed 
algorithm are also presented. 

Keywords: Interval Valued Neutrosophic Hypersoft Set (IVNHSS), MCDM, Neutrosophic Hypersoft Set 
(NHSS), Neutrosophic Hypersoft Matrix (NHSM), TOPSIS, MAGDM, Similarity Measures, Distance 


Measures. 


1.Introduction 

In our daily life every being has to decide something and it is very common that most of us faces 
problem in decision making. To make decision making easy different researchers and 
mathematicians invent many techniques. Multi criteria decision making is also one of the decision- 
making techniques. MADM is a procedure of finding an ideal alternative that is most suitable to 
fulfill the need from a lot of options associated with various different attributes. A huge range of 
strategies has been adapted for managing MADM issues, such as, VIKOR [1], AHP [2], TOPSIS [3,4] 
and etc. n MADM problems, evaluation of attributes can't be constantly given in crisp values due 
to uncertain and unpredictable nature of the characteristics in real life. Fuzzy set [5] introduced by 
Zadeh is equipped for managing uncertainty in scientific structure. Thus MADM [6-9] can be 
demonstrated very well by utilizing the fuzzy set theory into the field of developing decision- 
making techniques. Fuzzy set are progressing rapidly but the mathematicians faces problem in 


handling uncertainty because fuzzy set can just concentrate on the participation degree and it 
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neglects to consider non-participation degree and indeterminacy level of imprecise information. 
Atanassov [10] presented Intuitionistic Fuzzy set (IFS) for dealing with uncertainty and 
unpredictability in the more accurate manner by considering the truth membership and falsity 
membership values. Working on intuitionistic fuzzy set it is noticed that some of the incomplete or 
indeterminate information do exist. Hence, IFS can't deal with uncertainty in the appropriate 
manner in MADM [11-13] and MAGDM [14-16] issues in which some problems arise due to 
indeterminate information. Smarandache [17] supports the idea of Neutrosophic set that is a 
scientific gadget to overcome issued like indeterminant, uncertain and contradictory information. 
Neutrosophic set displays real membership value, indeterminacy membership value and falsity 
membership value. Such an idea is of great significance in numberless applications because 
indeterminacy is checked extraordinarily and truth membership values, indeterminacy 
membership values and falsity values are independent. Molodtsov [18] highlights the idea of soft 
set to manage issues Indefinite circumstances. It was said that soft set was parameterized family of 
subsets of universal sets. Soft sets have their own paramount importance in the fields of artificial 
insight, game hypothesis and fundamental decision-making issues., it also helps us to find out 
various functions for different parameters and benefit values against the accepted and established 
parameters. We come to know that the fundamentals of soft set theories have been mediated and 
pondered over by different learned people for the last two years. For example, Maji et al [19,20] 
presented a hypothetical analysis of soft sets and upper set of soft sets, equality of soft sets and 
operation on soft sets, for example, union, intersection AND, and OR operation between different 
sets. Ali at el [21] new operations in soft theory that covers restricted union, intersection and 
difference. Cagman and Egniloglus [22,23] support soft set theory that empowers itself a very 
important measurement while looking after issues to make different choices. Onyeozili [24] 
presented research which claims that soft set is equal to corresponding soft matrices. From 
Molodtsov [25] to present different beneficial applications identified with soft set theory have been 
presented and annexed to numberless fields of science and data innovation. Maji [26] presented 
Neutrosophic soft set exhibited by truth, indeterminacy and falsity membership values that are 
independent in nature. Neutrosophic soft set can manage inadequate, uncertain and inconstant data 
while intuitionistic fuzzy soft set can only deal with partial data. Smarandache [27] came up with 
new plans to cope with uncertainly. Soft sets were generalized to hypersoft set by altering the 
function into multi decision function. When features and attributes are more than one and further 
diverge, Neutrosophic soft set environment can't help to cope with such kind of issues owing to 
soft sets as soft sets deal with sole argument function. In order to overcome such problem, 
Neutrosophic hypersoft set [28] was introduced. There are various MADM methodologies are 
accessible in the literature. Among them TOPSIS is extremely mainstream to manage 
MADM.TOPSIS strategy offered by Hwang and Yoon [3] can be called one of the strategies which 
can provide suitable solutions. The central idea of TOPSIS is that the best alternative must keep 


the shortest distance from the positive ideal solution (PIS)and the farther distance from the negative 
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ideal solution (NIS) simultaneously. TOPSIS is very renowned and well known to deal with 
MADM. Behzaian et al. [4] offered a detailed survey on TOPSIS applications in various fields. Many 
researchers proposed TOPSIS technique to solve MCDM and MAGDM problems. [29-35]. Multi- 
Criteria decision problems (MCDM) consist of several attributes and indeterminacy, to deal with 
such types neutrosophic sets (N's) and interval valued neutrosophic sets (IVN’s) are used because 
(N's) fully deal with indeterminacy whereas to deal with vagueness and uncertainty neutrosophic 
soft sets (NS's) are used. But when attributes are more than one and further bifurcated the concept 
of neutrosophic soft set (NS's) cannot be used to tackle such type of issues so, there was a dire need 
to define the new environment, for this purpose the concept of neutrosophic hypersoft set (NHSS) 
was proposed by [28][36] Matrix notations on neutrosophic hypersoft set is proposed in []. This 
concept was extended to IVNHSS [37] with the generalization of definition and operators. To solve 
MCDM and MAGDM problems in IVNHSS environment it is necessary to propose any technique. 
So, in this chapter the basic operation like; interval valued neutrosophic hypersoft Matrix 
(IVNHSM), Generalized weighted distance for IVNHSM and IVNHSS the similarity measure for 
IVNHSM and IVNHSS are proposed. By using these operations, the algorithm of TOPSIS is 
extended to IVNHSS TOPSIS. 

1.1 The Chapter Presentation: 

After introduction rest of the chapter is contain section 2 of some basic preliminaries. Then we 
have Section 3, in which definition of IVNHSM along with some operations are defined. Section 4 
consists of generalized weighted similarity measure for both IVNHSS and IVNHSM. Section 6, have 
distance measures for the both IVNHSS and IVNHSM. Section 7, consist of the TOPSIS algorithm 
which is proposed using the similarity measure, distance measure and IVNHSM. In section 7, a case 
study is presented. Finally, Sect. 8 presents some concluding remarks and future scope of research. 


Figure: 1 represents the chapter presentation graphically. 


2.Preliminaries 
This section consists of some basic definitions which leads us to neutrosophic hypersoft sets and 
will be helpful in rest of the article. 

Definition 2.1: Neutrosophic Soft Set 
Let U be the universal set and E be the set of attributes with respect to U. Let P(U) be the set of 
Neutrosophic values of U and ACE . A pair (F, A) is called a Neutrosophic soft set over U and 
its mapping is given as 

F:A > P(U) 

Definition 2.2: Hyper Soft Set: 
Let U be the universal set and P(U) be the power set of U. Consider 1',1?,1° ...1" for n > 1, be n 
well-defined attributes, whose corresponding attributive values are respectively the set 
U1, 13 ...L" with UL aU =@, for i#j and i,je{1,2,3...n} , then the pair (F,Lt x L? x L?... L") is 
said to be Hypersoft set over U where F:L! x L? x L?....L? > P(U) 
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Definition 2.3: Neutrosophic Hypersoft Set [28] 
Let U be the universal set and P(U)be the power set of U. Consider 1',1’,1? ...!" for n> 1, be n 
well-defined attributes, whose corresponding attributive values are respectively the set 
L12,L3 ..12 with aL = @, for i#j and i,je{1,2,3...n} and their relation Li x L? x 3... L7 = $, 
then the pair (F,$) is said to be Neutrosophic Hypersoft set (NHSS) over U where 

F:ll xl? x L...L7 = P(U)and 

F(LI x L? x L3 ... L") = {< x, T(F($)), I(F($)), F(F($)) >, x € U } where T is the membership value of 
truthiness, I is the membership value of indeterminacy and F is the membership value of falsity 
such that T, I, F:U > [0,1] also 0 < T(F($)) + I(F($)) + F(F(S)) ¥ 3. 
Definition 2.4: Interval Valued Neutrosophic Hypersoft Set (IVNHSS) [37] 
Let U be the universal set and P(U)be the power set of U. Consider 1',1*,1? ...1" for n> 1, be n 
well-defined attributes, whose corresponding attributive values are respectively the set 
L113 ...L? with Ln = @, for i#j and i,je{1,2,3...n} and their relation L x L? x L3...L7 = $, 
then the pair (F,$) is said to be Interval Valued Neutrosophic Hypersoft set (IVNHSS) over U 
where 

F:ll x 1? x L...L7 = P(U)and 

F(Li x L? x L3 ... 9) = {< x, [T“(F($)), TY (F($))], [EF S)), 1° (F(S))], [FL(FGS)), FU(FS))] > x € 
U} where [TL(F ($))] is the lower membership value of truthiness, IL(F ($)) is the lower 
membership value of indeterminacy and FL(F ($)) is the lower membership value of falsity. 
Similarly, [TU(F($))] is the upper membership value of truthiness, I¥(F($)) is the upper 
membership value of indeterminacy and FU(F($)) is the upper membership value of falsity. Such 
that 

[T“(F(S)), TY(FS))], [-(F@)), 12(FS))], [F“(F@), FY(FG))]:U > [0,1] . 
Also 0 < supT(F($)) + sup I(F($)) + supF(F($)) < 3. 
Definition 2.5: Neutrosophic Hypersoft Matrix (NHSM) [38] 
Let U = {u',u?,... u*} and P(U) be the universal set and power set of universal set respectively, 
also consider L,,L2,... Lg for & = 1, & well defined attributes, whose corresponding attributive 
values are respectively the set L?,L2,... L% and their relation L¢ x L2 x ... Lj where a,b,c, ..z = 
1,2,...n then the pair (F,L?xL2x ... Lj) is said to be Neutrosophic Hypersoft set over U 
where F: (L¢ x L2 x ... L%) > P(U) and it is define as 

F:(L¢ x L2 x ... L3) = {< u, Tw), pu), Feu) > w € Uf € (LE XL? x ... LZ} 

Let Rp =(L?xL2x ... LZ) be the relation and its characteristic function is Xp,: (Lt xX L? x 
.. Lg) > P(U) anditisdefineas Xp, = {< u,T,(u),Ip(u), Feu) > ue Uf € (Li x oe ee 
The tabular representation of Ry is given as 


L¢ Le ad LZ, 


ul Xp, (u*, LY) 
u? Xr, (u’, LY) 


ut Xp, (u*, Lt) 


Xr, (u', L?) 
Xr, we, L?) 


Xp,(u%, L?) 


Xp,(u*, Le) 
Xr, (u’, Le) 


Xp, (u*, Le) 
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If Ay = Xp,(ut,L¥), where 4 = 1,2,3..a,9¢ = 1,2,3,...6,2 = a,b,c, ...z, then a matrix is defined as 
Ay Ax2 a Aig 
= Az Az2 nt Arg 
ide ae ee 
Agi Ag2 o Age 


Where A;,; = (Tp udtyg (uo, Fis (u,),u, © U,LP € (LE x LB x ... 14)) = (Tha Wye Fie) 


Thus, we can represent any Neutrosophic hypersoft set in term of Neutrosophic hypersoft matrix 


(NHSM), it means that they are interchangeable. Its generalized form is given as 


Ty (u,), Ipe(uz), Fre (uy) Tip (u), Ip (u,), Fyp (uy) Ty (u,), pz (u,), Fiz (uy) 

[A,/] _ Ty ¢(U2), Iya), F,2(u2) Typ (uz), Tp» (uz), Fyp (uz) Tyz (U2), Tz (uz), Fyz (uz) 
Blax& : : a : 

Tie (ug), Ihe (ug), Fy¢ (ug) Typ (ug), Ip (ug), Fyp (ug) — Tz (ug), Tz (ug), Fiz (ug) 


INTRODUCTION 
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Some Definitions , I 

Theorems / Propositions / 

Ex les 

a TOPSIS ALGORITHM 

"own Using IVNHSM definition, 
Similarity and Distance 
Measures, TOPSIS algorithm is 

CAS E ST U DY | Proposed. g 

Selection of Life Partner by ~— —," : 

applying the Proposed 

Algorithm 


I CONCLUSION 
"ow" The present work is 
concluded with future 


A directions 


Figure: 1 The chapter presentation 
3. Interval Valued Neutrosophic Hypersoft Matrix (IVNHSM) 
In this Section IVNHSM, theorems and propositions with examples are defined. 
Definition 3.1: Interval Valued Neutrosophic Hypersoft matrix (IVNHSM) 
Let U = {u',u?,... u*} and P(U) be the universal set and power set of universal set respectively, 


also consider L,,Lz,... Lg for & = 1, & well defined attributes, whose corresponding attributive 
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values are respectively the set L?%,L2,... L% and their relation L¢ x L2 x ... LZ where a,b,c, ..z = 
1,2,...n then the pair (F,L?xL2x ...L%) is said to be Neutrosophic Hypersoft set over U 
where F: (L¢ x L2 x ... L%) > P(U) and it is define as 

F:(Lq x 13 x ... L3) = {< u, (T@), Te @)], (1), Wy (w)), [F2(), Fe (w)) > u€ U,£ € (Lt x 
Le x ... L3)} 
Let Ry =(L{ x Lx ... L%) be the relation and its characteristic function is Xp,:(L{ x L2 x 
.. Lj) > P(U) and it is define as Xp, = {< u, ((T/(w), T? (w)], [ 1), 1) (w)], (Fe), Fe (u)) > 


u€ U,fe€(L¢x Le x ... L%)}. The tabular representation of Ry is given as 
L¢ Le e LZ, 
ul Xp, (u*, LY) Xp, (u*, L?) - Xp, (ut, 1%) 
u? Xp, (u*, LY) Xp,(u’, LP) - Xe, Ci? La) 
ua X01) Xp,(ut, 14) i Xp,(ut 14) 


If A;; = Xp,(u*,L*), where i = 1,2,3...a,¢ = 1,2,3,...6,& = a,b,c, ...z, then a matrix is define as 
4 £ t 
Ay, Aiz * Are 
_ | Azar Azz + Are 
isle = : poo 
Agi Ag Age 


Where 4 Ay =([riptua. THe (u)|, [tke Gud. te Cad]. [be Qu), Ble ud] rue © ULF € CLE x LE x 


- 14) = (Phalhe Fea) 
Thus, we can represent any Interval valued neutrosophic hypersoft set in term of Interval valued 


neutrosophic hypersoft matrix (IVNHSM), it means that they are interchangeable. Its generalized 


form is given as; 


[Tee(u), Teu)].\ (Pheer), Tee cur)), [Tis (ur), Te (us)), 
[ Bs (us), Wa (urd), ae Wud], | | [tig ud, 0t ad], 
[Fee (us), Fy (us)| [ Pi (ur), PY, (ur)| [ Piz (ua), Fz Ca) | 
[Tis (us), Tya(u2)], ib (uz), Tye (u,)], [Tt z (Ug), Ti 2 (u2)], 
[Ail es = [Hig (uz), Wye (wa), f Typ (ua), Ip (wa)], ve [tts z (Uz), Iz (u2)], 
[ Fis (us), Fya(u2)| Fig). Fra) [F Ls), Fs (us) 
[The (2), Ta(wa)), Ls lata), Tp a)] [Ping a), Trg Ua), 
[ tig (a), We (ua)| I: ipa) Wyte], | | [Itz Gta) Ute Qa)], 
[ Fee (u.), Fea (u2)| Fi p(uq), Fl (ua) [ Fis (ua), FYs (a) 


Definition 3.2: Row IVNHSM Let A= [A;,] be the IVIVNHSM of order a x &, where Ay = 
(Te 41 nr Lia FY F4,,) then A is said to be Row IVNHSM if a = 1. It means that if an IVNHSM contain 
only one attribute ie. U = {u*} then it is a Row IVIVNHSM. 
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Definition 3.3: Column IVNHSM Let 4A = [A;;] be the IVNHSM of order a x &, where Aj; = 
(T2418 igh Fis) then A is said to be Column IVNHSM if & = 1 . It means that if an IVNHSM 


contain only one alternative ie. £ = {L{} then it is a Column IVNHSM. 


Definition 3.4: Zero IVNHSM Let A=[A;;] be the IVNHSM of order a x &, where A;; = 
(Tee, 149, F4,) then A is said to be Zero IVNHSM if A, = ((0,0], [1,1], [1,1] . 


Definition 3.5: Universal IVNHSM Let A = [A;,] be the IVNHSM of order a x &, where A;; = 
(Téa Leg, Fi,~) then A is said to be Universal IVNHSM if A;, = ([1,1], [0,0], [0,0]) . 


Definition 3.6: Interval Valued Neutrosophic Hypersoft Submatrix (IVNHSSM) 


Let A=[A,,|and B = [B,,] be the two IVNHSM of order a x &, where A;; = (Teg, 14g, F4.,) 


and B;, = (T3.,,124,Fi,) then[A;,Jis said to be IVNHSSM of [B,,] if er < Ts T es < 
A B A B A B A B 

Teal Lars <P ye ye S wat , [Fue > Pye Foye 2 FY ijal: 

Definition 3.7: Interval Valued Neutrosophic Hypersoft Equal Matrix (IVNHSEM) 


Let A=[A,Jand B = [B;,] be the two IVNHSM of order a x &, where Ajj = (Teg, 14g, Fig) 
and By = (T%,,,1%4,F%,,) then[A,]is said to be IVNHSEM of [Bj] if [TMij, = This, Toye = 


uB LA. _ ptB uA __uB LA. _. lB u4  _ pu 
T yal> [1 yh = Vy Vie =U yal [Foye = Foye Foie = F yal- 


Definition 3.8: AND Operation 


Let A=[A,Jand B = [B;,] be the two IVNHSM of order a x &, where Ajj = (Teg, 1g, Fig) 


and By = Gra phe Fe 4) then[A Aij| A [ Bi, is given as 


: LA. nB ‘ uA wnyB 
[min (1 ijhr T ie) min (1 ighy U ge) | ; 


= = (Tepe ie re ee 
[Ai] 4 [Bij] = s ) 5 


[max (Fue Fhise) , max (Fie Fin) 


Definition 3.9: OR Operation 


Let A=[A,Jand B = [B;,,] be the two IVNHSM of order a x &, where Ajj = (Teg, 14.4, Fea) 


and By = (T?,,, 12 phe Fe 4) then[A Aij|V [ Bi is given as 
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A B A B 
[max (Te, Tin) , max (Gar Tha) 5 


(Tse: Win) (1 oe: Win) 


[Ai] v [Bi] = a amen | 


n n 
: LA LB : uA uB 
[min (F igh F te) min (F igh F ii) 


Definition 3.10: Sum of IVNHSM 


Let A= [A;; and B= [Bis] be the two IVNHSM of order a x &, where Ai = (Td Fig) 


and By = (Tele igh) Fe 4) then[A Ais +[ Bi, is given as 


n 


T ([[Ai] + [B:]]) = poe 


1([[A.] + [.,]]) = (Tee + Tia) (Tie + Win) 


n n 


- x a 
tine (Cate Mat) 


4. Similarity Measures for Interval Valued Neutrosophic Hypersoft Matrix (IVNHSM) 
In this section similarity measures for Interval Valued Neutrosophic Hypersoft Matrices (IVNHSM) 
and Generalized weighted Similarity measure for NHSS’s are defined. 
Proposition 4.1: Similarity Axioms 
Let A=A; ,B=B; and C=C; be the three IVNHSs where A; = (rf Fe) , B= 
Guy ewe F?) and C; = (1, If, Ff) and é = {1,2,3 ...n} then it satisfies the following axioms 

1. 0<S(A,B) <1 

2. S(A,B) =1if andonlyif A =B. 

3. S(A,B) = S(B, A) 

4. If ACBCC then S(A,C) < S(A,B) and S(A,C) < S(B,C). 


Definition 4.2: Generalized weighted similarity measure for IVNHSS. 

Let A=A, and ,B=B;,be the two IVNHSs where A; = ((T4,17,F*) and 8B, = 
(17,17, F?), and < = {1,2,3 ...n} then the generalized weighted similarity measure is given 
as 


A a A a 
L L U U L L U U 
sse4,3) = 1 Lat [rd qe |) Se b= aeeees (inl Re 


+ 


1 


A 
U U 
i : ) Where A > 0. 


a 
L L 
Re So? Fi — FP 


4 


+ 
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Definition 4.3: Similarity measure for IVNHSM 


Let A= [A;,| and B = [Bis] be the two IVNHSM of order a xX &, where Ai = 


(Te 1p Fea) and By = (Tre, Teg» Fea) then the similarity measure between 


A = [A;,] and B = [B,;] is given as 
S(A, B) = = ay ) (ee TiAl ar Tvs - Th a | Ln Lisa 


B A B A B 
+ | oe — ie] + | Pe — Pye] + | Pee — F’ Gel) 
Example: Let A= 
[samsung{[0.6, 0.7], [0.4,0.5], [0.5,0.6]} 6 GB{[0.6, 0.7], [0.1, 0.2], [0.2,0.3]} Dual{[0.7,0.8], [0.1,0.2], [0.05,0.1]}] 
and B = 
[samsung{[0.7,0.8], [0.05,0.1],[0.1,0.2]} 6 GB{[0.5,0.6], [0.05, 0.1], [0.1,0.2]} Duwalf{[0.2, 0.3], [0.5, 0.6], [0.3,0.4]}] 


be the two IVNHSM then the similarity measure is given as; 


S(A,B) =1- (Jo.6 - 0.7] + |0.7 — 0.8] + |0.4 — 0.05] + Jo.5 — 0.1] + Jo.5 - 0.1] 


i 
6(1)(3) 
+ |0.6 — 0.2| + |0.6 — 0.5| + [0.7 — 0.6] + |0.1 — 0.05] + ]0.2 — 0.1] + ]0.2 — 0.1] 
+ |0.3 — 0.2| + |0.7 — 0.2| + [0.8 — 0.3] + ]0.1 — 0.5] + ]0.2 — 0.6] + |0.05 — 0.3] 
+ [0.1 — 0.4]) 


S(A, B) = 0.7417 
Definition 4.4: Generalized weighted similarity measure for IVNHSM 


Let A= [Ai,| and B = [Bis] be the two IVNHSM of order a xX &, where Ai = 


(T4102 igh Fin) and Bi = (TH, re Fig) then the generalized weighted similarity 


measure between A = [Ais| and B = [B Bi, is given as 


a & 
= B) 1 a a 
Sy (4,B) = ae 1-|--)) Wi (er —T Lak + ieee ijk | + | er a Tia3 | + | Te ~ Laon 
a 4 
- 
a 
a 7 
+| avr = Five + | Foye = Fa ) 


5. Distance for Interval Valued Neutrosophic Hypersoft Matrix (IVNHSM) 
In this section distance measures for Interval Valued Neutrosophic Hypersoft Matrices (IVNHSM) 


and Generalized weighted distance measure for NHSS’s are defined. 
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Proposition 5.1: Distance Axioms 
Let A=A; ,B=B; and C=C; be the three IVNHSs where A; = (fret, EF) , B= 
(re LE, F?) and C; = =(Te, If, Ff) and é = {1,2,3 ...n} then it satisfies the following axioms 

1. D(A,B)=0 

2. D(A,B) = D(B,A) 

3. D(A,B)=0iffA=B 

4. D(A,B) + D(B,C) = D(A,C) 


Definition 5.2: Generalized weighted distance for IVNHSS 
Let A=A, and ,B=B;be the two IVNHSs where A; = ((T4,17,F#) and 3B, = 
(1?,1?,F?), and z = {1,2,3 ...n} then the generalized weighted distance is given as 


n a a a a 
1 L L U U L E U U 
D,(A,B) = —) w (re =e) ee ae aes es panes 
A a 
i L U wi*\4 
+|Fi —- FP? | +|F) -F ) 
Where A > 0. 


Definition 5.3: Normalized hamming distance for IVNHSM 


Let A= [Ail and B = [Bis be the two IVNHSM of order a xX &, where Ai = 
(T4148 igh) Fea) and Bi = (TZ, 12 ipl Fen) then the normalized hamming distance 


between A= [Ai | and B = [Bis is given as 


D(A, B) = a, >:( Th Tia + Tis - TY + | yA - Visa 


a | ro Wi ae | Fon Fi, Es | FV yh FY in|) 
Example: Let A = 
[samsung{[0.6, 0.7], [0.4,0.5], [0.5,0.6]} 6 GB{[0.6, 0.7], [0.1, 0.2], [0.2,0.3]} Dual{[0.7,0.8], [0.1,0.2], [0.05,0.1]}] 
and B = 
[samsung{[0.7,0.8], [0.05,0.1],[0.1,0.2]} 6 GB{[0.5,0.6], [0.05, 0.1], [0.1,0.2]} Duwalf{[0.2,0.3], [0.5, 0.6], [0.3,0.4]}] 


be the two IVNHSM then the normalized hamming distance is given as 


D(A, B) = 


1 
(|0.6 — 0.7| + |0.7 — 0.8] + ]0.4 — 0.05| + |0.5 — 0.1] + |0.5 — 0.1] 
6(1)(3) 


+ |0.6 — 0.2| + |0.6 — 0.5| + [0.7 — 0.6] + |0.1 — 0.05] + |0.2 — 0.1] + ]0.2 — 0.1] 
+ |0.3 — 0.2| + |0.7 — 0.2| + [0.8 — 0.3] + |0.1 — 0.5] + ]0.2 — 0.6] + |0.05 — 0.3] 
+ [0.1 — 0.4|) 
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D(A, B) = 0.2583 
Definition 5.4: Normalized Euclidean distance for IVNHSM 


Let A= [A; 


yl and B = [Bis be the two IVNHSM of order a xX &, where Ai = 


(Tag Lien» Fea) and Bye (THp, 12 ipl Fin) then the normalized Euclidean distance 


between A = [A;,| 


and B = [Bij 


PA 1S given as 


D(A,B) 


_- yt (ee reel + [Tee ree gl +| Ute we,| + | einem weal +| Pig — Pe, | + | Pui, - FE,’ 
6ab 

Example: Let A = 

[samsung{[0.6, 0.7], [0.4,0.5], [0.5,0.6]} 6 GB{[0.6, 0.7], [0.1, 0.2], [0.2,0.3]} Dual{[0.7,0.8], [0.1,0.2], [0.05,0.1]}] 

and B = 

[samsung{[0.7,0.8], [0.05,0.1],[0.1,0.2]} 6 GB{[0.5,0.6], [0.05, 0.1], [0.1,0.2]} Duwalf{[0.2,0.3], [0.5, 0.6], [0.3,0.4]}] 

be the two IVNHSM then the normalized Euclidean distance is given as; 

D(A,B) =V (((10.6-0.7142+10.7-0.8142+10.4-0.051%2+10.5-0.1142+10.5-0.11%2+10.6-0.21%2+| 

0.6-0.5 |*2+10.7-0.6142+10.1-0.05 1*2+10.2-0.1142+10.2-0.1142+10.3-0.2 1%2+10.7-0.21%2+10.8- 

0.3142+10.1-0.5142+10.2-0.61%2+10.05-0.31%2+10.1-0.41%2 ))/(6(1)(3))) 


D(A, B) = 0.3025 
Definition 5.5: Generalized weighted distance for IVNHSM 


Let A= [A and B = [Bis] be the two IVNHSM of order a xX &, where Ai = 


i] 


(Th Lia F Five) and Bi = (12,17 ip) Fig) then the generalized weighted distance 


between A= [A;,] and B = [B;,| is given as 
1 a & 
== a 
D, (4,B) ad =z) i ([t je - ref + [1% igh rf + | an | + (1 1 igh Tie 
4 ¢ 


1 
a 
a a 
+ | Peg ~ Fe + | Foie - an ) 


3. TOPSIS for Multi Attribute Group Decision Making (MAGDM) 
TOPSIS (The Technique for Order Preference by Similarly to Ideal Solution) is the suitable approach 
to deal with Multi Attribute Group Decision Making problems. TOPSIS technique (Shown in 


Figure:2) is consist of following steps. 
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Compose a decision matrix. 

Normalizing decision matrix. 

Determine the weighted normalized decision matrix. 

Calculate the positive and negative ideal solution. 

Calculate the distance of each alternative to the positive and negative ideal solution. 


Calculate the relative closeness coefficients. 


ah ON DT te Oe 


Rank the alternatives. 


Construction of Normalized 
Decision Matrix 


Construction of Decision 
Matrix 


Determine weighted 
Normalized Decision Matrix Calculate Distance of each 
Alternative 


Calculate Positive 
and Negative Ideal Solution Calculate Relative 
: Closeness Coefficient 


Rank the Alternatives 


Figure: 2 Proposed TOPSIS Algorithm for IVNHSS environment 
4. TOPSIS Technique for MAGDM With Interval Valued Neutrosophic Hypersoft Set 
Consider a Multi Attribute Group Decision Making (MAGDM) problem based on interval valued 
neutrosophic hypersoft set in which U = {u’,u’,... u“} be the set of alternatives and L,,Lp,... Lg 


be the sets of attributes and their corresponding attributive values are respectively the set 
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L¢, L, ... z= 1,2,. 
0<w/ <1 and yy. _, w/ = 1. Suppose that D = (D,, D,,... 
and A* be the weight of t decision makers with 0 < A* <1 and Yy_, A* 


L%, where a,b,c, .n. Let w/ be the weight of attributes Lj, j =1,2...4, where 


D,) be the set of t decision makers 


Let [iL co be the decision matrix where Aji; = cor Te Fuca) = 
(1317) i) a) 7, ease fH 128 we ahem “ond Tee 
[Tre Tre | Lise = [Wee Weenl Fog = UFZe Fe] € [0,1], 0 < sup TH, + sup 1h, + sup Fig < 3. 


Utilizing the following steps, the determination strategy for the selection of alternatives is given as 
follow: 


Step 1: Determine the Weight of Decision Makers 


Let [Az wpb! the decision matrix where 
Tia (u1), Tia(us), Fig (u,) The (uy), Th (u,), Fis (u,) Thy (1), Tiz (u,), F 2 (uy) 
[Ax,| = Tya(ug), [fa (uz), Fra (wz) The (up), Ip (up), Frp (uz) Tyz (ua),1 2 (Uz), F 2 (U2) 
“Daxb : : 
Tia (ug), Ta (ug), Fra (ug) Tie (ug), Te (ug), Fis (ug) Thy (ug), Tz (ug), F z (ug) 
To find the ideal matrix we will average all the individual decision matrix AG where x = 1,2...t as 
Tha (uy), Trg (uz), Fig (u;) The (uz), The (uy), Fip (uz) Trz (uy), Tz (uy), F a (uz) 
[Ay a Tha (uz), Tig (uz), Fig (uz) Th (uz), Th (uz), Fis (uz) Tz (uz), Iz (uz), F Zz (uz) 
ax . : . 
Tha (a); Ih Giz); Fig (ug) Th (ug), Th Gr), Fip (ug) Thz (ua), I i (ug), F Zz (ug) 
where 


=m uf (uj), Te (u;), Fie cu) 
1- ir : 2 al = (: = Tr. Fu) 


AM reo) 2) )} Ince (: #(u)) ) T(z) 


fori =1,2,3..a,¢ =1,2,3,..4,2 =a,b,c,..zand a,b,c,..Z=1,2,..n 
To determine the weights of the decision makers, first we will find the similarity measure between 


each decision matrix and the ideal matrix as 


a & 
~ 6ab LL 
i 


Te (u,) - 


S(Az, Ai; 


Tr (u,) - The (u;)}| + Tre (u,) - Ti (u;)} + lhe (u,) — 
4 4 4 


) 


I (u;) 


Ti(u)|+| FC) — Feud] + | Rea) - FG) 
4 ve 4 4 4 


Now we calculate the weight A*(x = 1,2,... 
s(4%,,4%;) 
Bear 8(4ip Ais) 


A*¥ = 


Where 0 < A* <1 and YL, AX = 1. 


t) of t decision makers using above equation 


Theory and Application of Hypersoft Set 120 


Step 2: Aggregate Neutrosophic Hypersoft Decision Matrices 
By accumulating all the individual decision matrices, we construct an aggregated neutrosophic 
hypersoft decision matrix to obtain one group decision. Aggregated neutrosophic hypersoft 


decision matrix is denoted as A,, and it is given as 


Tig (u,), Tyg (uy), Fya (u,) Typ (uz), Ip (u,), Fp (uy) + Ty (u,), Tz (u,), Fz (uz) 
[Ay] = T,2(uz), Tyg ve Fue (uz) Typ (uz), Typ ute Fp Gag). Tyz (uz), Tz (uz), Fz (uz) 
ax . : 
Tig (ug), The (ig) Fa (ug) Typ (ug), Ip Gis) Fup (ug) aid Tyz (ug), Tz (ug), Fyz (ug) 
The elements of Ain the matrix [A Awl. - is calculated as 
lis 


AX 


(fT ( ine) cl 
-[](1- rg) HEL (ee) eu) 


x= | 


Au) yes G #(u)) )-T] (e300) ]) 


Where 4 =1,2,3...a,¢ = 1,2,3,..6@ and x = 1,2,...t 


Step 3: Determine the weight of attributes 

In decision making procedure, decision makers may perceive that all attribute are not similarly 
significant. In this manner, each decision maker may have their own one opinion regarding 
attribute weights. To acquire the gathering assessment of the picked attributes, all the decision 
makers’ opinions for the importance of each attribute need to be aggregated. 


For this purpose, weight wW/ of attributes L?, j = 1,2... #is calculated as 
Ww) = (T,.,,F.,) 


x 


oo 
=m)" Joey" Fee") [Eee Ley) 


Step 4: Calculate the weighted aggregated decision matrix 
After finding the weight of individual attributes, we apply these weights to each row of aggregated 


decision matrix (step 2) as 
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[Ae 


lax 


(Grcouces Feud) 


= (TT eu. Thy Ties) T™,,| , [I eu) + Ty, _ Tp ua. Puy Me (u,) 


U U U L IL IL L U U 
+1, - Tye). | [F yeaa) + Phy, — Fhe (uy). Fay FYye (us) + Fy, 


— FY e(u,)- F's) 


And then we get a weighted aggregated decision matrix. 

Step 5: Determine the ideal solution 

In real life we deal with two type of attributes, one is benefit type attributes and other is cost type 
attribute. 

In our MAGDM problem we also deal with these two types of attributes. Let C, be the benefit type 
attributes and Cz be the cost type attributes. 


Neutrosophic hypersoft positive ideal solution is given as 
= + =, + =. + =,, + 
, = (7, (ui). Tp (ui), Fle cu) 


nso. 0849] 0} 0} | in ud} mina} 7 
[min {Gu} }, amin {19% (xu) ff [man {4 (x) ma {Gud} max HP Ca.)} max {FY Cu}. € Ce 
Similarly, neutrosophic hypersoft negative ideal solution is given as 
Ay = (Feud. Tey wo. (ud) 


[min {Tre @u,)} ; ali {r°Zecua}} [max {Ite Cus} : ies {Ie (u,)} | ; [max {Feie(us)} ; mas {Puts (u,)} | JECy 
7 [max {Tite Cus} ‘ ina {Tetsu}, [min {ie Cus)} : a {1 eC} , [min {Feud} , Sati {Freud} JEC, 
Step 6: Calculate the distance measure 


Now we will find the normalized hamming distance between the alternatives and positive ideal 


solution as; 


Lf Zq Zmt 1 + 
D'* (Ay, AP JEG fa ([Tepe(us) — THe (u;) 


L 


: 
+ [Teed — Tye Cus) + [IER - 


) 


Similarly, we will find the normalized hamming distance between the alternatives and positive 


+ + + + 
Tete (u,)| + [Ieee — Wee Cue)] + | Pew) — PMCs ud] + | PU Qed — PUL (us) 
L; 7 7 7 7 7 7 


+ 


ideal solution as; Di-(A%,49°) = yt, ([Te(us) — Te (ua)| + [rete Cees) — THe Qu) 
t t 


+ | Fue (u;) - Furs (ud) 
4 4 


[ted — Tee Qa) 


) 


+ [Irie — Tre Qu) + | Fete) - 


PPre (ui) 
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Step 7: Calculate the relative closeness co-efficient 


Relative closeness index is used to rank the alternatives and it is calculated as 


pi-(Ay,49°) ——_s>* (49, AP") 


max{Di-(A%, A?” )} min{Di+ (42, 42*)} 


RCt = 


Where 7 = 1,2,3...d. 
The set of selected alternatives are ranked according to the descending order of relative closeness 
index. 
5. Case study 
Marriage is one of the most significant social organizations and today it is similarly as important as 
it was many years ago. With the time, the standards of adoration, steadfastness and responsibility 
has changes, which are the crucial segments of a solid society. We know that marriage brings 
steadiness and it ties us together. It helps make our families more grounded. A significant part of 
the quality of marriage lies in its capacity to change with the occasions. As society has changed, so 
marriage has changed, and become accessible to an undeniably expansive scope of people. This 
coordinate creation process has been messing up best choices. 
Objective: 
The primary objective of this case study is to provide excellent matchmaking experience by 
exploring the opportunities and resources to meet true potential partner. Keeping the objective in 
mind, we can select the best proposal to fulfill the current demand in marriage for eligible bachelors. 
For this purpose, let R = {R', R’, R?, R*, R®, R°,R’,R®} be the set of different bachelors for 
Marriage Proposal. 
Following are the attributes for respective bachelors. 

A, = Fraternity 

A, = Occupation 

A3 = Nature 

A, = Family Size 

These attributes are further characterized as 
Af = Fraternity = {suni, shia, deobandi, bralevi} 
Where a = 1,2,3,4. 
Ab = Occupation = {doctor, engineer, businesman, bankers, merchant} 
Where b = 1,2,3,4,5. 
AS = Nature = {conservative, broadminded, respecting, supportive} 
Where c = 1,2,3,4. 
A? = Family Size = { joint family system, nuclear family system} 

Where d = 1,2. 
Let’s assume the relation for the function F:A% x A? x AS x AZ > P(S) as F(A% x AS x AS x 
Aq) = (At, Aj, Az, AZ) = 
( Suni(S), Businesman (BM), Broadminded (B), Nuclear family system(NFS)) 
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is the actual requirement of a family for marriage proposal. 

Four proposals  {IR’,R*,IR°,R°} are selected on the basis of assumed _ relation 
ie.( Suni(S), Businesman (BM), Broadminded (B), Nuclear family system(NFS)). 

Four decision makers from the family members {D*, D?, D*,D*} are intended to select the most 
suitable proposal. These decision makers give their valuable opinion in the form of IVNHSM 


separately as. 


[sina 0a [0.5,0.6], [0.6,0.7], 
[0.1, 0.2], BM,| [0.2, 0.3], [0.3,0.4], NFS,| [0.05,0.1], 
[sina 02.021 [0.1,0.2] [0.2,0.3] 
[issoay oat [0.7,0.8], iss0at 

[0.2, 0.3], BM,,| [0.1, 0.2], [0.2,0.3], NFS, iss0at 

[0.1, 0.2]) minal [0.05,0.1] [0.7,0.8] 

[D*]ax4 = 

[0.5, 0.6], [0.7, 0.8], [0.7,0.8], [0.5,0.6] 
[sso BM,| [0.05, 0.1] B,{ [0.1,0.2] NFS,| [0.2,0.3] 
é [0.2, 0.3] (i 0.1, 0.2] ) | (eet) ( (tess) 


[0.8, 0.9], [0.7,0.8], [0.8,0.9], 
BM,| [0.05, 0.1], [0.05,0.1], NFS,| [0.05,0.1], 
[0.05, 0.1] [0.05,0.1] [0.1,0.2] 
(is20at [0.8,0.9], [0.5,0.6], [0.2,0.3], 
[0.2,0.3], BM,| [0.1,0.2], [0.05,0.1], ns ne) 
(isz0a Inaoat [0.2,0.3] (isseat 
S, ({0.7,0.8], (isz0at [0.8,0.9], [0.7,0.8], 
[0.1,0.2], [0.2,0.3], B,{ [0.05,0.1], as [0.2,0.3], 
[0.05,0.1]) (isz0at [0.05,0.1] [isan 
[D7 ]ax4 = 
[0.5,0.6], [0.7,0.8], [0.8,0.9], [0.1,0.2], 
S,| [0.2,0.3], BM,| [0.05,0.1], B,| [0.05,0.1], NFS,| [0.2,0.3], 
[0.3,0.4] [0.1,0.2] [0.05,0.1] [0.7,0.8] 
[0.8,0.9], [0.7,0.8], [0.6,0.7], [0.5,0.6], 
[0.05,0.1], BM,| [0.05,0.1], B,| [0.05,0.1], NFS,| [0.2,0.3], 
[0.1,0.2] [0.05,0.1] [0.2,0.3] [0.3,0.4] 
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[0.5,0.6], [0.1,0.2], [0.2,0.3], [0.2,0.3] 
S,| [0.2,0.3], BM,,| [0.2,0.3], B,|{ [0.5,0.6], NFS,| [0.5,0.6], 
[0.3,0.4] [0.7,0.8] [0.1,0.2] [0.1,0.2] 
[0.8,0.9], [0.8,0.9], [0.8,0.9], [0.7,0.8], 
S,{ [0.05,0.1], BM,| [0.05,0.1], B,| [0.05,0.1] NFS,| [0.2,0.3], 
[0.05,0.1] [0.05,0.1] [0.05,0.1] [0.05,0.1] 
[D*Jax4 = 
[0.7,0.8], [0.8,0.9], [0.8,0.9], [0.1,0.2], 
[0.2,0.3], BM,| [0.1,0.2], B,{ [0.05,0.1], NFS,| [0.2,0.3], 
[0.1,0.2] [0.05,0.1] [0.05,0.1] [0.7,0.8] 
[0.2,0.3], [0.8,0.9], [0.6,0.7], [0.5,0.6], 
[0.2,0.3], BM,| [0.05,0.1], B,{ [0.05,0.1] NFS,| [0.2,0.3], 
[0.6,0.7] [0.1,0.2] [0.2,0.3] [0.3,0.4] 
[0.8,0.9], [0.8,0.9], [0.7,0.8], [0.2,0.3], 
Rae BM,| [0.05,0.1], B, arene NFS, | [0.5,0.6], 
noe [0.1,0.2] [0.05,0.1 [0.1,0.2] 
Ci [0.7,0.8], [isin ((o20at [iszoay 
een BM, [isin [0.2,0.3], NFS, [iszoay 
(issoay [0.05,0.1] ((o20at [0.1,0.2] 
[D*] 4x4 — 
[0.7,0.8], [0.7,0.8], [0.8,0.9], [0.2,0.3], 
(waa BM [casas [0.05,0.1], NFS,| [0.5,0.6], 
(waa [0.1,0.2] [0.05,0.1] [0.1,0.2] 
[0.8,0.9], (ie20at [0.7,0.8], [0.8,0.9], 
(saeas [0.2,0.3], [0.2,0.3], NFS,| [0.05,0.1], 
[0.1,0.2] (ie20at [0.1,0.2] [0.05,0.1] 


Importance of selected attributes by each decision maker is given as 


[0.8,0.9], [0.6,0.7], [0.7,0.8], 
D1 | s,| [0.1,0.2], BM,{ [0.1,0.2], (sas03 
[0.05,0.1] [0.1,0.2] (sas03 


[0.5,0.6], 
[0.2,0.3], 
(‘e203 
[0.7,0.8], [0.5,0.6], (ssa) 
Db? > | S,{ [0.05,0.1], BM,| [0.2,0.3], [0.1,0.2], 
[0.05,0.1] [0.3,0.4] (sisal 


[0.6,0.7], 
NFS, | [0.1,0.2], 
[0.1,0.2] 
[0.4,0.5], [0.7,0.8], [0.8,0.9], 
Db? >| S,{ [0.1,0.2], BM,| [0.05,0.1], (sas03 
[0.3,0.4] [0.05,0.1] (sas03 
[0.8,0.9], [0.8,0.9], ( 
pD* >| S,{ [0.05,0.1], BM,| [0.1,0.2], [0.1,0.2], 
[0.05,0.1] [0.05,0.1] [Issn 


Step 1: Determine the Weight of Decision Makers 


[0.8,0.9], 
NFS,| [0.05,0.1], 
[0.1,0.2] 


[0.6,0.7], 
NFS,{ [0.05,0.1], 
[0.2,0.3] 


To find the ideal matrix we will average all the individual decision matrix D*, D?, D?, D*using 
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Tha (uy), Trg (u,), Fig (u;) The (uy), Th (uy), Fis (uz) ie Trz (uy), Tz (uy), Fiz (uz) 


[Ay = Tha (uz), Tig (uz), Fig (uz) Th (uz), Th (uz), Fis (uz) a Tis (uz), Iz (uz), Fiz (uz) 
daxt : : ‘, : 
Tha (ug), Ig (ug), Fig (ug) Th Giz); Th Gig); Fis (ug) a Trz (a); Tz (13); Fiz (ug) 
where 


A= (7; 4 (u;), Te (u,), Fie cu) 


i I a a rife) i II (: - rae) 


x=1 


An (i000) [ ](#e0) )} TI\ tcp JT] (#300) 


x=1 
fori =1,2,3..a,¢ =1,2,3,..6,2 =a,b,c,..zand a=1,b=3,c=2,d=2 
By averaging all decision matrices, we get 
> 


[s*] 
[0.6443,0.7700], [0.5880,0.7264], 
S,{ [0.1189, 0.2060], BM,| [0.1189,0.2060], 
Ht 
[0.6127,0.7172], [0.7289, 0.8318], 
S,{ [0.1,0.1732], BM,| [0.0595, 0.1189], 
(0.1316, 0.2213] [0.1107, 0.1682] 


[0.2060,0.2300] [0.2141,0. en i) 
[0.7172,0.8373], [0.6870,0.8066], 
S,{ [0.0707, 0.1316], BM,| [0.0707, 0.1316], B, 


[0.5051,0. sa 
[0.1655,0.2632], 
[0.1,0.1861] 


—— 


[0.3273,0.4336], 
NFS,| [0.2812,0.3834], 
[0.1189, 0.2213] 


[0. neon [06052,0.7172], 
[0.1, 0.1732], NFS,\ [0.2515,0.3568], 


aS 


[0.0595,0.1189] [0.1507,0. <a (0.0783, 0. = [0.1150, 0.200] 


[0.2455,0.3494], 
NFS,{ [0.2515, 0.3568], 


[0.3482, 0.4757] 


[0.7787,0.8811], 
[0.0595, 0.1189], 
(0.05, 0.100] 


[0.6536,0.7551], 
[0.0707,0.1316], 


[0.7289,0.8318], [0.6920,0.800], 
S,{ [0.1,0.1861], BM,{ [0.1,0.1861], 
[0.1316, 0.2300] [0.1107,0.1934] [0.1189, 0.2060] 


eee ee 


[0.6838,0.800], 
NFS,{ — [0.1,0.1732], 
[0.1456,0.2378] 


One calculation is provided for the convenience of reader 
fori=1,7=1R=a=1 
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5, = (760.560, FG) 
- u 1 a 
1 1—TLe - 1—T2E 4 T3t 4 1— Tt 4 
a ~ Lt (81) ~ Lt (81) _ Lt (41) -_ Lt (81) , 


( 
t= (1-110) (1 if) (0-0) (2-18) 


, 


om 


ry)! (ic a (18806)* fr 
0) (e240) (regcen) 


Fi¥¢e.) (8 vooite #21) (Fite) 


( ~(1—0.8)4(1 — 0.2)4(1 — 0.5)4(1 — ) 
1—(1—0.9)8(1 — 0.3)8(1 — 0.6)4(1 — 0.9) 
i = ee 
(0.2)4(0.3)4(0.3)4(0.1)4 
eae 
(0.1)4(0.7)4(0.4)4(0.1)4 
5+, = ([0.6443,0.7700], [0.1189,0.2060], [0.2060,0.2300]) 


To determine the weights of the decision makers, first we will find the similarity measure between 


each decision matrix D*, D?, D?, D*and the ideal matrix S* using 


a & 

S(Ax,, Ai, ees eu 
ee 666 Lik 
4 ¢ 


Hus) — 1eCu| + 


TA Pe The (u;)| + 


Ti (u,) — Ti (u;)}| + 


Irs (u;) — IA (u;) 


) 


| Bu) — Fy @u)| + 


| BAe) — FG) 


So, 
S(S1,5*) = 0.8774, 
S(S?,5*) = 0.9133, 
S(S3,5*) = 0.8834, 
S(S4,5*) = 0.9101 
Now we calculate the weight A* for (x = 1,2,3,4) of each decision makers using 

4S S(A4%, At; 
(1 S(A%,, Ay, 
= 0.8774 

(0.8774 + 0.9133 + 0.8834 + 0.9101) 


= 0.2448 
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ie 0.9133 Segeye 
~ (0.8774 + 0.9133 + 0.8834+0.9101) 
me 0.8834 enue 
~ (0.8774 + 0.9133 + 0.8834+0.9101) 
0.9101 
At = ——_____________ 9.2539 


(0.8774 + 0.9133 + 0.8834 + 0.9101) 
Where 0 < A* <1 and Yf_, AX = 
Step 2: Aggregate Neutrosophic Hypersoft Decision Matrices 
Now we construct an aggregated neutrosophic hypersoft decision matrix to obtain one group 


decision. Aggregated neutrosophic hypersoft decision matrix is denoted as Ay and it is given as 


Tis (u;), T,e(uy), Fue (u,) Typ (uy), Ty (uy), Fy» (uy) oo Tz (uy), hz (uy), Fz (u,) 
[A ; | = Ty2(u2), Iya a Fy¢ (uz) Typ (uz), Typ (ua) Pi (uz) Ty (uz), hy (uz), Fyz (uz) 
WNaxt os : 
Tig (ug), The a Fa (ug) Typ (ug), Ty (i,); Fi» (uy Ty (ug), Tz (ug), Fyz (ug) 
The elements of A,,in the matrix [A Awl. 438 calculated as 
[Ailes 


t AX 
ss (: = | (1 ey T3u)) ei 


=1 


-T](1- mga) )' I ( (rrtuo) [](t#0) )'| FIC (Fze0 ) T(e#e0) ]) 


x= 


Where 4 = 1,2,3...a,¢ = 1,2,3,...6 and x = 1,2,...t. 


After calculations, the aggregated neutrosophic hypersoft decision matrices is 


[5] 
[0.6431,0.7691], [0.5932,0.7303], [0.5069,0.6146], [0.3249,0.4322], 
S,{ [0.1187,0.2057], BM,| [0.1179,0.2051], B,\ [0.1631,0.2606], [0.2846, 0.3854], 
[0.2055,0.2309] (0.2099, 0.3212] [0.1007, 0.1862] 0.1185,0.2211] 


[0.7213,0.8316], 
[0.0998, 0.1731], 


) 
| 
) 


[0.0999, 0.1864] i ‘ 
[0.6128,0.7168], [0.7285,0.8318], [0.7791,0.8813], 
S,| [0.1002, 0.1733], BM,| [0.0593, 0.1186], [0.0592, 0.1187], 


SS 


[0.7285,0.8313], [0.6924,0.7998], 
S, BM, | [0.1006, 0.1870], 


(0.1048, 0.1857] 


| 
| 
| 


NFS, t 
[0.6074,0.7183], 
NFS, [0.2503, 0.3560], 
(0.0592, 0.1187 [0.1138,0.1991] 
[0.2436,0.3482], 
FS, 
FS, { 


[0.2524,0.3573] 


(0.3471, 0.4752 i 


(0.1315, 0.2215] (0.0843, 0.1687] [0.0500, 0.100] 


[0.6847,0.8051], 
BM,{ [0.0711, 0.1319], B, 


(0.1115, 0.1937] 


[0.6535,0.7550], 
[0.0711, 0.1319], 
[0.1195, 0.2065] 


[0.6834,0.7998], 
[0.1002, 0.1733], 
0.1455, 0.2376] 


N 
[0.0704, 0.1310], N 
(0.1313, 0.2293] 


ee a 


(i .7185,0.8386], 
S, 


One calculation is provided for the convenience of reader 
fori=1,g=1A=a=1 
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(1-(- m0)" ( 
(1-0 me0)"( 


131) 


1-THG)) (1- Teo) (1-6) ). 
r-meo) (L-teteay (1-nHte0)") 
CONC ORC 
cs) (HfG69)" (1eo)" (tHE) 
4¢s,)) '(R 6)) (R Hs) ‘( Fit(e.)) 


( 
(Fo) (FYGo)" (FYGD)" (FED) 


( ae él = 0.8)°:2448(4 a, 0.2)9:2548(4 ao 0.5)°:2465(4 = ee 
1- él = 0.9)9-2448 (4 = 0.3)°2548(4 _ 0.6)°:2465 (4 — 0.9)°2539 , 
= (0.1)°2448 (0.2)°-2548(9,.2)9-2465 (0.05)°253?, 

( (0.2)°-2448 (9.3)92548 (9,3)°2465 (9.1) 92539 
(0.2)°2448 (0.6)°-2548 (0..3)92465(9.05)°2539, 
( (0.1)°-2448 (0.7)92548 (0,4.)°-2465 (9,1) 92539 


511 = ([0.6431,0.7691], [0.1187,0.2057], [0.2057, 0.2309]) 
Step 3: Determine the weight of attributes 


Al 


poe 
iS 


( 
(nigte 


Re 


y: 


Weight w/ of attributes L;,j = 1,2 ...& is calculated using 


os (T., hy, F,,) 


[]a-1) Arc [sy Te)" en" Te" ]) 


x= LIC x=1 


To calculate the weight of attributes, we use importance of selected attributes by each decision 


maker 


[0.8,0.9], [0.6,0.7], [0.7,0.8], [0.5,0.6], 
Di > s( inna ow (00a » (tee ns (oa 
[0.05,0.1] [0.1,0.2] [0.05,0.1] [0.4,0.5] 
[0.7,0.8], [0.5,0.6], [0.4,0.5], [0.6,0.7], 
D? > s(oa803i nw (0202 »(Inina ns (fos 
[0.05,0.1] [0.3,0.4] [0.3,0.4] [0.1,0.2] 


[0.4,0.5], [0.7,0.8], [0.8,0.9], [0.8,0.9], 
D3 >| s,| [0.1,0.2], BM,| [0.05,0.1], B,| [0.05,0.1], NFS,| [0.05,0.1], 
[0.3,0.4] [0.05,0.1] [0.05,0.1] [0.1,0.2] 
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[0.8,0.9], [0.8,0.9], [0.8,0.9], [0.6,0.7], 
Dt | S,| [0.05,0.1], BM,{ [0.1,0.2], B,{ [0.1,0.2], NFS,{ [0.05,0.1], 
[0.05,0.1] [0.05,0.1] [0.05,0.1] [0.2,0.3] 


Using this importance of attributes, we get 
wt = ({0.7092,0.8228], [0.0703,0.1407], [0.0778,0.1406]) 
w2 = ([0.6692,0.7785], [0.1006, 0.1870], [0.0935, 0.1424]) 
w? = ([0.7078,0.8212], [0.0711, 0.1421], [0.0789,0.1424]) 
w* = ([0.6439,0.7542], [0.0838,0.1565], [0.1674, 0.2778]) 
One calculation is provided for the convenience of reader 


for #=1 
(1- Tp)" (1-TEGD)” (1- Tih)" | 
(: -(1-THeD) (1- TD)” (1-TH@D)" (1- Ti)" ) 
HG)" (HG) (Hite) (1 Hyd). 
HY ¢s,))" (12%) IC "(s,)) (a (3) 
FC) (F461) (Bien) “(FiteD) 
FIM)” (FC) (FEY) (FED) 


1-— (1 _ 0.8)°2448 (7 iss, 0.7)°:2548 (4 = 0.4)°:2465 (4 54 0.8)°:2539, 
6 = (1 its 0.9)9:2448 (4 a 0.8)°-2548(4 , 0.5)9:2465(4 = ee y 
a (0.1)°2448 (0.05)°2548(9,1)9-2465 (0.05)°2539, 
a ( (0.2)°2448(9.1)92548(9.2)°2465 (0.1)°-2539 ) 
(0.05)°2448(9.05)°2548 (0.3)°-2495 (0.05)9-2539, 
( (0.1)°2448(0,1)92548 (0.4) 9.2465 (9,1) 92539 ) 


w! = ([0.7092,0.8228], [0.0703,0.1407], [0.0778,0.1406]) 


, 


Step 4: Calculate the weighted aggregated decision matrix 
After finding the weight of individual attributes, we apply these weights to each row of aggregated 


decision matrix using 
[Ae -(Te 2; ); 1? 2 (ui), Fis cu) 


thaxh 


= ([Tyed. TH, Ted. TL] [ed + ta, — Tye) The, Tea) 


U U U L IL IL L U U 
+1, - 1 yeu). | [F yeaa) + Phy, — Fhe (uy). Fay FYye (us) + Fy, 


— FY e(u,)- F's) 


And we get a weighted aggregated decision matrix as 


Theory and Application of Hypersoft Set 130 


} [oe [os 
[0.5167, 0.6840], ) 


[5°] 


[0.3960, 0.5685], 
[0.2066, 0. a 
[0.2838, 0. oa 


(0.3588, 0.5047], 
[0.2226, 0.3657], 
[ 0.1703, 0.3021] 


(0.4634, 0.6226], [0.5106, 0.6829], 
(0.1911, 0. snl [ 0.1638, 0.2906], } 
[ 0.1885, 0. 0 [ 0.1507, 0.2641] 


(0.4562, 0.6328], 
S,| [0.1807, 0.3175], 


a 


[0.2675, 0.3390] [ 0.2661, 0.4375] 


(0.3911, 0.5417], 
[ 0.3131, 0.4568], 


[0.2622, 0.4216] 


[0.2092, 0.326], 
[ 0.3446, 0.4816], 


Hlo(e 1632, 0.3009], [ [us 
(0.1324, 0.2426] 
I mt [ws 


(0.4347, 0.5898], [0.4875, 0.6476], 
[0.5096, 0.69], [0.4582, 0.6268], (0.4626, 0.62], 
[ 0.1358, 0.2533], (0.1645, 0.2942], B,{ [0.1371,0.2551], NFS, 


[ 0.1539, 0. sl 
[ 0.1699, 0. i 


(0.5515, 0.7237], 
[ 0.1261, 0.2439], 


[ 0.1991, 0.331] [ 0.1241, 0.2282] 


[0.4400, 0.6032], 
[ 0.1756, 0.3027], 
[ 0.2885, 0.4494] 


Be a I 


(0.1569, 0.2626], 
[ 0.1635, 0.2896], [ 0.3150, 0.4579], 
[ 0.4564, 0.621] 
[ 0.1989, 0.3377] [0.1946, 0.3085] [0.1882, 0.3195] ) 


One calculation is provided for the convenience of reader 
fori=1,g=1A=a=1 


5 = ((1 204). TH, Tey (u,). TL], (Gr (uy) + Fp, — Thy Qu). I'1,), (1.3 (um) +11, 
— 1 3(u)-0%2, )], [(Ph Ged + Fh, — Fh Qu). Pee, ), (FY Qu) + F'n, 
— FY, 1(u,).F",, )]) 
52 = (0.6431) .7092), (0.7691) (0.8228)) , ((0.1187 + 0.0703 — (0.1187) (0.0703)), (0.2057 
+ 0.1407 — (0.2057)(0.1407))) , ((0.2057 + 0.0778 — (0.2057)(0.0778)), (0.2309 


+ 0.1406 — (0.2309)(0.1406)))) 


52 = ((0.4562, 0.6328], [ 0.1807, 0.3175], [0.2675, 0.3390]) 


Step 5: Determine the ideal solution 
Since we are dealing with benefit type (C,) attributes so Neutrosophic hypersoft positive ideal 


solution is calculated using 


qe =(is" 2 (ua), We “au, Fis “w)) 


— x{T “i (u,)} : max {TCs (u,)}], [min {Its (u,)} , inn {tee (u,)} | ; [min {Pts (u,)} : sain {Fe (u,)} | J 


au 


[0.5167, 0.69], [0.4875, 0.6476], [0.5515, 0.7237], [0.4400, 0.6032], 
=|| s,| [0.1358, 0.2533], BM,| [ 0.1539, 0.2834], B,| [0.1261, 0.3439], NFS,{ [0.1756, 0.3027], 
(0.1324, 0.2426] [ 0.1699, 0.2871] [ 0.1507, 0.2282] [0.2622, 0.4216] 


One calculation is provided for the convenience of reader 
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for i=1,2,3,4,7=1k=a=1 


(max{0.4562, 0.5167, 0.4347, 0.5096}, max{0.6328, 0.6840, 0.5898, 0.69}), 
52" =| min{0.1807,0.1632,0.1635,0.1358}, min{0.3175, 0.3009, 0.2896, 0.2533}), 
(min{0.2675, 0.1324, 0.1991, 0.1989}, min{0.3390, 0.2426, 0.331, 0.3377}) 

5e* = (5, ((0.5167, 0.69], [0.1358, 0.2533], [0.1324, 0.2426])) 


Similarly, neutrosophic hypersoft negative ideal solution is given as 
qe" = (te, (u,), Te (u,), Fie oo) 


i i i i i i 
~ [min {Tye} »min {rte ua}f [max {tte @u,)} ,max {ae usd} | ‘ [max {Pts (u,)} , max {Fre (u,)} | Jj 
So 
(0.4347, 0.5898], (0.3960, 0.5685], (0.3588, 0.5047], (0.1569, 0.2626], 
=|| s,{ [0.1807, 0.3175], BM,| [ 0.2066, 0.3537], B,{ [ 0.2226, 0.3657], NFS,| [0.3446, 0.4816], 
[0.2675, 0.3390] [ 0.2838, 0.4179] (0.1882, 0.3195] [ 0.4564, 0.621] 


One calculation is provided for the convenience of reader 
for i=1,2,3,4,7=1k=a=1 
. (min{0.4562, 0.5167, 0.4347, 0.5096}, min{0.6328, 0.6840, 0.5898, 0.69}), 


$2 =| (max{0.1807,0.1632,0.1635,0.1358}, max{0.3175, 0.3009, 0.2896, 0.2533}) , 
(max{0.2675, 0.1324, 0.1991, 0.1989}, max{0.3390, 0.2426, 0.331, 0.3377} ) 


5°” = (5, ((0.4347, 0.5898], [0.1807, 0.3175], [0.2675, 0.3390])) 


Step 6: Calculate the distance measure 
Now we will find the normalized hamming distance between the alternatives and positive ideal 
solution using 


it Zw Zwt 1 + + 
p'* (Ay, Ap") = faa ([THe ed — THe Gud] + [Teed — The Qua) 


+ | fe Qud) - 


(0) 


+ 
+ | FY ia(ua) = Furs (uj) % 
4 4 


+ 
+ | FUte (us) — Fete (us) 
7 7 


+ + 
Te (us| + [tread — Wee” ued ) 
4 4 4 


We get, 
D+ (5@,5¢") = 0.1081 
D+ (52,5) = 0.0361 
b?* (S25) =0.0723 
D**+(5¢,5°") = 0.0283 

One calculation is provided for the convenience of reader 

for i = 1and 

When #=1> £=a=1, 

When #=2> £=b=3, 

When #¢=3>5> £=c=2, 

When #=45> £=d=2, 
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@W wt 
+ | Ia (81) - Ia 


) 


ee + 
pi (6p, 56") = a (([r" (81) — Te + [T's (s.) - Ten 


w wt w wt w wt 
+ | ia (31) = heat an (81) = Fh + | Fur (81) - Fun 


+(e 


+ | 


13 (8) - I 


L3 (81) . Te 


ver 


aL ay 
13 (8) — 13 


i 


@ wt 
2(81) —- Vy 


rL@ mL 
13 (41) ere 


+ |T°y 3 (81) — Te, 


2 | + | Fis (81) — FL 13 


|) + | Gn - 


@W wt 
+ |r (81) - T 2 


@ wt @ 
Uig(61) — PY |) + | FUuz(a) - 


w wt 
+ ee (81) - T 2 


ae (8,)- I ae 


ar) (8,) — I” 


@ @ 
"12 (41) = TZ 


+ 


13 


roe 


wt 


+ | It2(61) - 3 ui (51) — Flag 


zp» 1 
D+ (5¢,5¢") = 54 (10.4562 — 0.1358] + | 0.1807 — 0.1358] + |0.2675 — 0.1324 |) 


|)+ | Fei (sy) — Fue 


+ (0.6328 — 0.69| + |0.69 — 0.2533 | + [0.3390 — 0.2426 |) 

+ (|0.3960 — 0.4875] + |0.2066 — 0.1539 | + |0.2838 — 0.1699 |) 
+ (0.5685 — 0.6476] + | 0.3537 — 0.2834 + |0.4179 — 0.2871 |) 
+ (0.3588 — 0.5515| + |0.2226 — 0.1261 | + |0.1703 — 0.1507 |) 
+ (0.5047 — 0.7237| + |0.3657 — 0.2439 | + | 0.3021 — 0.2282]) 
+ (]0.2092 — 0.4400] + | 0.3446 — 0.1756] + |0.2661 — 0.2622]) 
+ (0.326 — 0.6032| + | 0.4816 — 0.3027| + | 0.4375 — 0.4216|)) 

D+ (5@,5°") = 0.1081 
Similarly, we will find the normalized hamming distance between the alternatives and negative 


ideal solution using 


& 
5 1 
pi (Ay, Ae") 362, [tite — The Gd| + [Tied — Tete Gud] + [Ite — Te Cua) 
+ |” te (us) — te (u,)| + | File(s) - Fie (u,)| + | Fe (us) - Fu ue “(u,)) 
We get, 


Dt (S?,5® ) = 0.0183 
D?-(52,5® ) = 0.1023 
D?-(52,5® ) = 0.0679 
D*-(52,5° ) = 0.0968 


One calculation is provided for the convenience of reader 
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fori=1 
1 


Dt (S?,5° ) — 6(4) 
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w oO” 
+ |r (a) — TY 2 


w a” 
+ | 172 (41) od "2 


w a” 
+ | F'72(41) _ Fria 


)+|FPRG) — Fg 


|) 


ae ale 1 
Wie OS rea a 54 ((10.4562 — 0.4347| + | 0.1807 — 0.1807] + |0.2675 — 0.2675 |) 


+ (0.6328 — 0.5898] + | 0.3175 — 0.3175| + |0.3390 — 0.3390 |) 
+ (|0.3960 — 0.3960 + |0.2066 — 0.2066 | + |0.2838 — 0.2838 |) 
+ (|0.5685 — 0.5685| + |0.3537 — 0.3537 | + |0.4179 — 0.4179 |) 
+ (|0.3588 — 0.3588| + |0.2226 — 0.2226 | + |0.1703 — 0.1882 |) 
+ (0.5047 — 0.5047| + |0.3657 — 0.3657 | + |0.3021 — 0.3195 |) 
+ (0.2092 — 0.1569] + | 0.3446 — 0.3446] + [0.2661 — 0.4564]) 
+ (|0.326 — 0.2626] + | 0.4816 — 0.4816] + [0.4375 — 0.621 |)) 
Dt (S?,5® ) = 0.0183 
Step 7: Calculate the relative closeness co-efficient 


Now we will calculate relative closeness index using 


pi (4%, A? ) p'* (A, 49") 
i i-(Aw Aw i af Sot 
max{D‘- (AY, A? )} min{Di+ (4%, A?*)} 


RCt = 


We get, 
ee 0.0183 0.1081 _ ss, 
~ 0.1023 0.0283 
sii 0.1023 0.0361 _ a 
~ 0.1023 0.0283 
, _ 0.0629 0.0723 
= = —1.93 


~ 0.1023 0.0283 _ 
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0.0968 0.0283 _ Sie 
~ 0.1023 0.0283 © 


4 


Since we know that our set of four selected proposal is {R’,R*,R®°,R°} for 74=1,2,3,4 
respectively. So, we rank the selected alternatives (shown in Figure: 3) according to the descending 
order of relative closeness index as; 


R° > R*>R> > R? 


ALTERNATIVES RELATIVES CLOSENESS COEFFICIENT 
MEASUREMENT 


0 — 
— 
R4 R6 


-0.05 
-0.27 


-1.93 


4 -3.64 


Figure: 3 Alternatives relative closeness coefficient measurement and ranking 
This show that R° is the best proposal. 
Result Comparison 
The proposed Algorithm is compared with the existing interval valued techniques which are widely 
used in decision-making problems and results are presented in Table: 1 listing the ranking of top 


four alternatives and optimal alternative. 


Methods Ranking of alternatives Best alternative 
I. Deli [39] R° > R‘>R > R’* R° 
S. Alkhazaleh [40] R° > R° > R* > R R® 
Riaz et al. (Proposed TOPSIS) R° > R*>R > R R° 


Table 1: Comparison analysis of final ranking with existing methods 

6. Conclusion 

In this chapter, TOPSIS technique has been proposed for interval valued neutrosophic 
hypersoft set IVNHSS by using generalized weighted similarity measure and distance measures for 
both IVNHSS and IVNHSM and the implementation is shown by letting a case study of life partner 
section. Also, chapter consists of the definitions of IVNHSM, generalized weighted similarity 
measures for interval valued neutrosophic hypersoft set and interval valued neutrosophic 
hypersoft matrix. In this process, decision makers’ opinions are consolidated initially. Further, we 


construct ideal matrix to find the weight of decision makers using the concept of interval valued 
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similarity measure. Afterwards, we compute a group opinion by accumulating all discrete opinions. 
We also gauge the weights of selected attributes to find the interval valued neutrosophic hypersoft 
‘positive ideal’ and interval valued neutrosophic hypersoft ‘negative ideal’. Interval valued having 
distance measure is employed to compute the distance of alternatives from positive ideal and 
negative ideal. Thereafter, we rank the alternatives on the basis of relative closeness index. 

o This proposed TOPSIS technique with interval valued neutrosophic hypersoft set 
IVNHSS cannot be compared because no work is present in this direction. 

o It has immense chances for multi criteria decision making issues in several fields 
like HR selection, supplier determination, manufacturing frameworks, and 
various other areas of management frameworks. 

o Inenlargement, the proposed TOPSIS approach can be augmented in various 
directions to involve wide range of decision-making issues in several interval 
valued neutrosophic hypersoft conditions. 

In future, we propose matrix operations, theorems and propositions for interval valued 
neutrosophic hypersoft set along with algorithms and also the aggregate operators for 
IVNHSS. 
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Abstract: Neutrosophic hypersoft set are useful when attributes are more than one and are further 
bi-furcated. These sets are more accurate, precise and suitable for the ranking in decision making 
problems. Keeping in view; in this chapter, we present the study of various high k gate dielectrics 
for the metal oxide semiconductor filed effect transistor (MOSFET). The objective of this work is to 
choose the most suitable high k gate dielectric for the MOSFETs which can be used as gate dielectric. 
By applying the score function of neutrosophic hypersoft set for the selection of best MOSFETS 
since these are the most important part of all the electronic communication systems today. In the 
last results conclude that D, = Al,0 3 is the best alternative that can be used as an optimal choice in 
digital communication devices. 


Keywords: SiC, MOSFET, Gate Dielectric, Score Function, Neutrosophic Hypersoft Set (NHSS), MCDM. 


1. Introduction 


Si based semiconductor devices have been used in power electronics applications for years. But 
such devices have certain limitations in terms of their operation at higher voltages, temperatures 
and switching speeds [1]. The voltage range for Si based semiconductor devices is limited to 6.5 
kV which the switching frequency is limited to several hundred hertz [2, 3]. Also, the maximum 
temperature limit for such devices is 200 °C [1]. Due to these problems, the wide band gap 
semiconductors like GaN and SiC have caught the attention of the researchers since first realization 
of SiC based metal oxide semiconductor field effect transistor (MOSFET). These semiconductor 
devices operate at higher voltages, higher temperatures and have higher switching frequencies as 
compared to Si based semiconductor devices [4-6]. SiC based field effect transistors (FET) have a 
voltage range 650 V to 1.7 kV [7]. Semiconductors are the essential part of all the communication 
systems today. The semiconductor devices have significantly reduced both power losses and cost 
of the communication systems. These devices are used for high power applications in all type of 
environments [8-17]. SiC is very suitable candidate for high power and high temperature 


applications due to their larger band gap and larger conductivity. Moreover, these materials offer 
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larger carrier saturation velocity. Such exceptional properties of SiC makes it ideal for its 
applications in high power communication devices [17-27]. It is used largely in devices like Schottky 
Diode [10], junction field effect transistors [15, 16], bipolar junction transistors [11-14], metal oxide 
semiconductor field effect transistors [18-22] and insulated gate field effect transistors [23-27]. In 
spite of such novel properties, SiC has some drawbacks too. It has low dielectric constant and poor 
interface properties at SiC/ SiO, junction in MOSFETs. This causes an increase in electric field at 
junction interface. So, the search for new gate dielectrics as an alternate of SiC is required. The new 
gate dielectric may have dielectric constant similar to SiC but smaller interface densities than SiC 
for its use as gate dielectric in MOSFETs. The high k gate dielectrics like HfO , AIN, 
Al,03, Y,03, Taz0; and LazO3 are the potential candidates for gate dielectric as an alternate of SiC 
in MOSFETs [28-45]. With the development of fuzzy sets [46] decision making becomes easier but later on 
this theory was extended by [47] named as Intuitionistic fuzzy number theory. To deal with more precision, 
accuracy and indeterminacy this idea was extended by [48] called as neutrosophy theory. To, discuss the 
applications of these theory number of developments were made but the most important one is the theory of 
soft set [49]. Later on, fuzzy, intuitionist and neutrosophy theories were extended to fuzzy softset [50], 
intuitionistic soft set [51] and neutrosophic soft set [52]. In different fields the applications of these theories 
are presented by many researchers [53-60], but with the development of TOPSIS, WSM and WPM techniques 
[61-66] it becomes more powerful tool to solve the MCDM problems [67-72]. Samarandache [73] came up 
with strategy to handle uncertainty. Soft sets were generalized to hyper soft set (HSS’s) by changing the 
function into multi decision function. When attributes are more than one and further diverge, 
neutrosophic soft set environment cannot help to handle such type of issue because of soft sets as 
soft sets deal with single argument function. For this purpose, neutrosophic hypersoft set (NHSS) 
[74] was introduced. Later, aggregate operators, similarity measures and their applications are 
presented by [75-78]. 

Now the question arises why we are using these techniques in this case study? To get the 
answer of this question, firstly you need to know the attribute and alternatives; since dielectrics are 
of many types having different properties which makes it a perfect problem to apply the above- 
mentioned MCDM techniques. Semiconductors are the essential part of all the communication 
systems today. The novel characteristics of SiC make it very suitable for high power 
communication. But due to problem of its low dielectric constant and poor interface properties, the 
search for new gate dielectric is essential. These new dielectrics may have dielectric constant similar 
to SiC but have smaller interface densities. In this research, ten such high k-gate dielectrics are being 
analyzed. The purpose of this research is to find which dielectric is most suitable alternate of SiC 
for high power communication with the help of MOSFETs. For this purpose, we apply neutrosophic 
hypersoft sets. The layout of this chapter is shown in Figure:1. Introduction, Literature review, 
motivation and contribution is presented in section 1. Next section includes the basic definitions. 
Section 3, comprises of score function of NHSS. The case study is presented in section 4. Result 
discussion is made in section 5. Finally, in section 6, the chapter is concluded with limitation and 


future directions. 
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Figure 1: The layout of the chapter 
2.Preliminaries 
Definition 2.1: Semiconductors [79] 
These are the materials which are poorer conductors than metals but better than insulators. For 
example, Silicon (Si), Germanium (Ge) and Gallium Arsenide. 
Definition 2.2: Transistors [79] 
It is an electrical device which consist of two PN junctions fabricated on a same single crystal. It has 
three main parts i.e. emitter, base and collector. Transistors are used to amplify and switch the 
electronic signals and electrical power. 
Definition 2.3: Field Effect Transistors (FET) [79] 
It is a type of the transistor in which flow of majority charge carrier (current) is controlled by the 
signal voltage applied to a reverse biased pn junction. This reverse biased pn junction is called gate. 


FET has three terminals i.e. source, gate and drain. 


Definition 2.4: Metal Oxide Semiconductor FET (MOSFET) [79] 

The MOSFET is a four terminal device i.e. source, gate, drain and substrate. The substrate is usually 
grounded. The charge carriers enter into conducting channel through source and exit through drain. 
The width of the channel is controlled by applying the voltage at the gate. The gate is present 
between source and drain. It is insulated from the channel near an extremely thin layer of metal 
oxide. The MOS capacity that exists in the device is a very important part as the entire operation 
occur across this. The metal contact over the insulator is known as gate electrode which is separated 
by a dielectric like Silicon dioxide or high k dielectric from the substrate. 

Definition 2.4: Dielectrics 

These are the materials which are poor conductors of electricity. It is an insulator but an effective 


supporter to electric filed. 
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Definition 2.5: Dielectrics Constant [80] 
It can be defined as the ratio of the charge stored in the presence of an insulating material placed 
between two metallic plates to the charge that can be stored when the insulating material is replaced 
by vacuum or air. 
Definition 2.6: High k Dielectrics Materials [81] 
Dielectric materials which have high value of dielectric constant are called high k dielectric 
materials. Metal oxides have usually have high dielectric constant. They are usually used in 
MOSFETs as gate dielectric. 
Definition 2.7: Band Gap [82] 
The energy difference between the top of the valence band and the bottom of the conduction band 
is called band gap. 
Definition 2.7: Wide Band Gap Materials [83] 
These are the materials which have relatively larger band gap as compared to conventional 
semiconductors. Conventional semiconductors like silicon have a bandgap in the range of 1 - 1.5 eV, 
whereas wide-bandgap materials have bandgaps in the range of 2 - 4 eV. 
Definition 2.8: Neutrosophic Hypersoft Set (NHSS) [74] 
Let U be the universal set and P(U)be the power set of U. Consider I',1?, 1? ..." for n> 1, be n 
well-defined attributes, whose corresponding attributive values are respectively the set 
IA 17,1? IP with inl! = 6, for i#j and i,je{1,2,3..n} and their relation Lt x 1? x I? .. 17 = $, 
then the pair (F,$) is said to be Neutrosophic Hypersoft set (NHSS) over U where; 

Fil x 2 x 13... 2 > P(U)and 

F(LI x L? x L ... L™) = {< x, T(F($)), I(F($)), F(F($)) >, x € U } where T is the membership value of 
truthiness, I is the membership value of indeterminacy and F is the membership value of falsity 
such that T, I, F:U > [0,1] also 0 < T(F($)) + I(F($)) + F(F($)) < 3. 


3. Algorithm of Score Function of Neutrosophic Hypersoft set (NHSS) 


In this section an algorithm is presented to solve MCDM problem under neutrosophic hypersoft set 


environment. 


Suppose that there are some decision makers who wish to select from a number of objects. 
Each object is further characterized by £ number of attributes, whose respective attributes form a 
relation just like Neutrosophic Hypersoft Matrix (NHSM). Each decision makes gives different 
Neutrosophic values to these respective attributes. Corresponding to these Neutrosophic values for 
the required relation we get a NHSM of order a x B. From these NHSM we calculate values 
matrices which helps to obtain a score matrix. And finally, we calculate the total score of each object 


from score matrix. Algorithm is presented in Figure 2. 
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Let 0 =[0,;] be the NHSM of order a x 8, where 0; = (Ti%Ifx,F%,) then the value of 
matrix O is denoted as V(Q) and it is defined as V(O) = [V7 | of order a x B, whereVS = T;5, — 
Ion, -Fe,. The Score of two NHSM 0 =[0;| and M=[M;j] of order ax is given as 
5(0,M) =V(0)+V(M) and S(0,M) =[5S;;| where 5; = V+ Vj". The total score of each 


object in universal set is |X, 5;;]. 


Step 1: Construct a NHSM. 

Step 2: Calculate the value matrix from NHSM. Let 0 = [0;;| be the NHSM of order a x B, where 
Oi; = (Fiver Ife Ff) then the value of matrix O is denoted as V(Q) and it is defined as V(O) = 
[Vif] of order a x B, whereVS = T;5,. — Ifn, —Feix- 

Step 3: Compute score matrix with the help of value matrices. . The Score of two NHSM 0 = [0;/| 
and M=[M;;| of order ax is given as S(0,M) =V(O)+V(M) and S(0,M) = [S;)| 
where Sjj = Vij + Vii". 

Step 4: Compute total score from score matrix. The total score of each object in universal set is 
Zj-1 Siy|- 


Step 5: Find optimal solution by selecting an object of maximum score from total score matrix. 


Calculate 
Value 
Matrices 


Find 
optimal 


solution 


Figure 2: Graphical representation of Score Function Algorithm of NHSS 
4: Case Study 


In this section a case study of SiC selection as gate dielectric for high power communication is 


considered and the selection is made by applying all the above-mentioned algorithm. 
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4.1 Problem Formulation 


SiC based MOSFETs are widely used in high power communication devices. But due to its 
poor interface properties, the search for new dielectrics which have similar dielectric constant as 
SiC but have good interface properties is required. So, the more efficient high-power 
communication devices can be constructed with the help of these high k-gate dielectrics. These 
devices can operate at higher temperatures and higher voltages. 


4.3 Assumptions 


Sr. No. Alternative Dielectric Band Gap Conduction band Conduction band 


Constant E, (eV) with respect to Si with respect to 4 
(k) AE, (eV) H-SiC AE, (eV) 
1 SiO, 3.9 8.9 3 2.2 -2.7 
2 Sis, 7.0 5.1 2.0 | - 
3 | SiON 4.0 - 7.0 5.0 — 9.0 2.8 -- 
4 | ALO; 9.0 | 8.7 2.8 17 
5 Hf 0, 25 5.7 1.5-1.7 0.7 t0 1.6 
6 Zr0, 25 7.8 1.4 1.6 
7 Ta,0s 26 4.5 1-15 = 
8 Y>03 15 5.6 23 as 
9 | La,03 30 4.3 ne) = 
10 ALN 9.14 6.2 2.2 1.7 


Let U be the set of all dielectric materials that can be used at junction interface with SiC, 
U= {D, , D2, Dz, D4, Ds, Dg, Dz, Dg, Do, Dio} 


Where D, = SiO, ,D, = SizNy, Dz = SiON, Dy = Al,Oz, Dg = Hf Oz, Dg = Zr0>,D, = Ta,0s, 
Dg = Y, 03, Dog = Laz03, Dio = ALN 


Let us consider the following attributes; 

A, = Dielectric constant 

A, = Band Gap E, (eV 

A; = Conduction band with respect to Si AE, (eV) 

A, = Conduction band with respect to 4 H-SiC AE, (eV) 

So D; = Universal set of dielectrics where i= 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 
and 


A; = Set of attributes where i= 1, 2, 3, 4 
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Af = Dielectric constant = {3.9, 7.0, 4.0 — 7.0, 9.0, 25, 25, 26, 15, 30, 9.14} 
A’ = Band Gap Ey (eV) = {8.9,5.1,5 — 9,8.7,5.7, 7.8, 4.5, 5.6 , 4.3, 6.2} 
As = Conduction band with respect to Si AE, (eV) 
= {3.2, 2.0, 2.8, 2.8, 1.5 — 1.7, 1.4, 1 — 1.5, 2.3, 2.3, 2.2} 
AG = Conduction band with respect to 4 H — SiC AE, (eV) = {2.2 — 2.7, —, —, 1.7, 0.54, 1.6, —. —, —,1.7} 
Let’s assume the relation for the function F: At x Ab x AS x A¢ > P(U) as; 
F(AS x AB x AS x Ad x AS) = (3.9,5.1,1.4,1.6) 
is the actual requirement for the selection of material for making dielectric. 
Ten dielectric materials {D, , Dz, D3, D4, Ds,D¢,Dz7,Dg, Do, Dig} are selected on the basis of assumed 
relation i.e.( 3.9,5.1,1.4,1.6). 

Two decision makers {51,57} are intended to select the most suitable material for the 
formation of respective dielectric. These decision makers give their opinion in the form of NHSM 
separately as; 

Step 1: Construction of NHSM 


[S*]ioxa 


(3.9, (0.8,0.1,0.05)) 
(3.9, (0.7, 0.2,0.1)) 
(3.9, (0.5,0.05,0.2)) 
(3.9, (0.8, 0.05, 0.05)) 
(3.9, (0.2,0.2,0.6)) 
(3.9, (0.7, 0.2,0.1)) 
(3.9, (0.7, 0.1,0.05)) 
(3.9, (0.5,0.2,0.3)) 
(3.9, (0.8, 0.05, 0.1)) 
(3.9, (0.2,0.2,0.6)) 


[S*]ioxa 


(3.9, (0.5,0.2,0.3)) 
(3.9, (0.8, 0.05,0.05)) 
(3.9, (0.7,0.2,0.1)) 
(3.9, (0.2, 0.2, 0.6)) 
(3.9, (0.2,0.2,0.6)) 
(3.9, (0.7, 0.2,0.1)) 
(3.9, (0.8, 0.05, 0.1)) 
(3.9, (0.7,0.05,0.05)) 
(3.9, (0.7, 0.1,0.05)) 
(3.9, (0.8,0.05,0.05)) 


(5.1, (0.2, 0.2, 0.6)) 

(5.1, (0.5,0.1, 0.5)) 

(5.1, (0.7,0.05,0.1)) 
(5.1, (0.8,0.05,0.05)) 
(5.1, (0.8, 0.1, 0.05)) 
(5.1, (0.7,0.2, 0.1)) 

(5.1, (0.7,0.05,0.1)) 
(5.1, (0.7,0.05,0.05)) 
(5.1, (0.7,0.2, 0.1)) 

(5.1, (0.7,0.05,0.1)) 


(5.1, (0.1, 0.2,0.7)) 
(5.1, (0.8,0.05, 0.05) ) 
(5.1, (0.8,0.1,0.05)) 
(5.1, (0.8,0.05,0.1)) 
(5.1, (0.8, 0.1, 0.05)) 
(5.1, (0.7,0.2, 0.1)) 
(5.1, (0.2,0.2,0.6)) 
(5.1, (0.7,0.05,0.1)) 
(5.1, (0.7,0.1, 0.05)) 
(5.1, (0.8,0.05,0.1)) 


(1.4, (0.5, 0.3, 0.1) 
(1.4, (0.7, 0.2, 0.05)) 
(1.4, (0.7, 0.1, 0.05)) 
(1.4, (0.7, 0.05, 0.05)) 
(1.4, (0.5, 0.05, 0.2)) 
(1.4, (0.8, 0.05, 0.05)) 
(1.4, (0.8, 0.05, 0.05)) 
(1.4, (0.7, 0.05, 0.05)) 
(1.4, (0.6, 0.05, 0.2)) 
(1.4, (0.6, 0.05, 0.2)) 


(1.4, (0.2, 0.5, 0.1)) 
(1.4, (0.8, 0.05, 0.05)) 
(1.4, (0.8, 0.05, 0.05)) 

(1.4, (0.6, 0.05, 0.2)) 

(1.4, (0.5, 0.05, 0.2)) 
(1.4, (0.8, 0.05, 0.05)) 

(1.4, (0.7, 0.05, 0.5)) 

(1.4, (0.5, 0.2, 0.3)) 

(1.4, (0.8, 0.05, 0.2)) 

(1.4, (0.7, 0.5, 0.2)) 


(1.6, (0.6,0.05,0.2)) 
(1.6, (0.1, 0.5, 0.7)) 
(1.6, (0.5, 0.2, 0.3)) 
(1.6, (0.8,0.05,0.1)) 
(1.6, (0.6,0.05,0.2)) 
(1.6, (0.2,0.5,0.1)) 
(1.6, (0.7, 0.2, 0.05)) 
(1.6, (0.1, 0.2, 0.7)) 
(1.6, (0.5,0.2,0.3)) 
(1.6, (0.2,0.5,0.1)) 


(1.6, (0.2,0.5,0.1)) 
(1.6, (0.7, 0.2, 0.05)) 
(1.6, (0.1, 0.2, 0.7)) 
(1.6, (0.5,0.2,0.3)) 
(1.6, (0.6,0.05,0.2)) 
(1.6, (0.2,0.5,0.1)) 
(1.6, (0.2, 0.1, 0.05)) 
(1.6, (0.7, 0.2, 0.1)) 
(1.6, (0.2,0.5,0.1)) 
(1.6, (0.8,0.05,0.05)) 
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Step 2: Calculate the value matrices of NHSMs defined above using Vj; = Tij, — Jin — 


[S*liows = 


[S*]iox4 = 


(3.9, (0.65)) 
(3.9, (0.4)) 
(3.9, (0.25)) 
(3.9, (0.7)) 
(3.9, (-0.6)) 
(3.9, (0.4)) 
(3.9, (0.55)) 
(3.9, (0.0)) 
(3.9, (0.65)) 
(3.9, (—0.6)) 


(3.9, (0.0)) 
(3.9, (0.7)) 
(3.9, (—0.6)) 
(3.9, (0.6)) 
(3.9, (0.6)) 
(3.9, (0.4)) 
(3.9, (0.65)) 
(3.9, (0.6)) 
(3.9, (0.55)) 
(3.9, (0.7)) 


(5.1, (—0.6)) 
(5.1, (—0.1)) 
(5.1, (0.55)) 
(5.1, (0.7)) 
(5.1, (0.65)) 
(5.1, (0.4)) 
(5.1, (0.55)) 
(5.1, (0.6)) 
(5.1, (0.4)) 
(5.1, (0.55)) 


(5.1, (—0.8)) 
(5.1, (0.7)) 
(5.1, (0.65)) 
(5.1, (0.65)) 
(5.1, (0.65)) 
(5.1, (0.4)) 
(5.1, (—0.6)) 
(5.1, (0.55)) 
(5.1, (0.55)) 
(5.1, (0.65)) 


(1.4, (0.1) 
(1.4, (0.45)) 
(1.4, (0.55)) 
(1.4, (0.6)) 
(1.4, (0.25)) 
(1.4, (0.7)) 
(1.4, (0.7)) 
(1.4, (0.6)) 
(1.4, (0.35)) 
(1.4, (0.35)) 


(1.4, (-0.4)) 
(1.4, (0.7)) 
(1.4, (0.7)) 
(1.4, (0.35)) 
(1.4, (0.25)) 
(1.4, (0.7)) 
(1.4, (0.15)) 
(1.4, (0.0)) 
(1.4, (0.55)) 
(1.4, (0.0)) 


(1.6, (0.35)) 
(1.6, (-1.1)) 
(1.6, (0.0)) 
(1.6, (0.65)) 
(1.6, (0.35)) 
(1.6, (—0.4)) 
(1.6, (0.45)) 
(1.6, (—0.8)) 
(1.6, (0.0)) 
(1.6, (—0.4)) 


(1.6, (—0.4)) 
(1.6, (0.45)) 
(1.6, (—0.8)) 
(1.6, (0.0)) 
(1.6, (0.35)) 
(1.6, (—0.4)) 
(1.6, (0.05)) 
(1.6, (0.4)) 
(1.6, (—0.4)) 
(1.6, (0.7)) 


Step 3: Now compute score matrix by adding value matrices obtained in Step 2. 


[SESS Visa = 


(3.9, (0.65)) 


(3.9, (1.1)) 


(3.9, (—0.35)) 


(3.9, (1.3)) 
(3.9, (0.0)) 
(3.9, (0.8)) 
(3.9, (1.2)) 
(3.9, (0.6)) 
(3.9, (1.2)) 
(3.9, (0.1) 


(1.6, (—0.05)) 


(5.1,(-1.4)) (1.4, (-0.3)) 
(5.1,(0.6))  (1.4,(1.15)) 
(5.1,(1.2)) (1.4,(2.25)) 
(5.1,(1.35)) (1.4, (0.95)) 
(5.1,(1.3)) (1.4, (0.5)) 
(5.1,(0.8)) (1.4, (1.4)) 
(5.1,(-0.05)) (1.4, (0.85)) 
(5.1,(1.15)) (1.4, (0.6)) 
(5.1,(0.95)) (1.4, (0.9)) 


(5:1,4:2)) 


Step 4: Now total score of score matrix is given as; 


(1.4, (0.35)) 


(1.6, (—0.65)) 
(1.6, (—0.8)) 
(1.6, (0.65)) 

(1.6, (0.7)) 

(1.6, (—0.8)) 

(1.6, (0.5)) 

(1.6, (—0.4)) 

(1.6, (—0.4)) 
(1.6, (0.3)) 
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Step 5: The material of dielectric D* w 


Total score = 


rest of the total score of dielectrics. 
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ill be selected as the total score of D* is highest among the 


Alternative Total Score Value 
D1 1.1 
D2 2.2 
D3 1.3 
D4 4.25 
D5 2.5 
D6 2.2 
D7 2.5 
D8 1.95 
D9 2.65 

D10 1.95 


Table 1: The total score function of each dielectric taken as alternative 


@D1 @D2 @D3 ©D4 @DS5 wD6 D7 D8 BDI D110 


Total Score Value 


Figure 3: Total score value comparison of alternatives 
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6. Result Discussion 


Everyday many researchers are trying to find the best operational research technique that can be 
useful in decision making problems. In very recent with the development of NHSS and its score 
function; it seems to be the success of the researchers who are working on it. Since NHSS is the tool 
which is most suitable in decision making problems and can be applied when attributes are more 
than one and are further bi-furcated. For the validity of the algorithm of score function in the 
applied mathematical issues and MCDM environment the case study of SiC gate dielectric for the 
MOSFET in communication devices is used. 


In these calculations, the ranking of each dielectric with respect to each criterion is calculated which 
are shown in Table 1 and Figure 4. Result shows that the above-mentioned techniques can be used 
to find the optimal SiC dielectric in communication devises. 


Total Score Value 


4.25 


D1 D2 D3 D4 DS D6 D7 D8 D9 D10 
Total Score Value 1.1 2.2 130,425 2.5 2.2 2.5 1.95 | 2.65 | 1.95 


—— =Total Score Value 


Figure 4: Ranking comparison of alternatives 
The dielectric Al,03 can be used as best alternative dielectric material which is most suitable in 
communication devices. So, the more efficient high-power communication devices can be 


constructed with the help of this high k-gate dielectric. 


5. Conclusions 
Among the ten potential alternatives for gate dielectric, the calculations show that Al,03 is the most 
suitable high k-gate dielectric for the MOSFETs. Also Al,03 has excellent lattice matching with SiC. 
It has good thermal stability and high conduction band off-set between Al,0,; and 4H-SiC. 
Moreover, it has high k- value and relatively larger dielectric band gap [28]. Such properties of 
Al, 03 makes it a very suitable substitute of SiC as gate dielectric. These calculations are done by 
applying score function of NHSS. 

Since this study has not yet been studied yet, comparative study cannot be done with the 


existing methods. 
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In our forthcoming work, this method can be used to find the best alternative having same 
physical and structural properties in manufacturing process of different materials with low lost and 


good impact on environment. 
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Abstract: In our daily lives, most of the problems are created due to wrong decisions. Similarity 
measures are very useful to make good decisions. In this manuscript, different similarities like 
Tangent, Ye, and Cosine similarity of m polar neutrosophic hypersoft sets and their comparison is 
presented. These techniques are very useful to deal with the problems whose attributes are 
numerous. In m-polar neutrosophic hypersoft set, attributes are large in number and further 
classified, that is why making effective and fruitful decision is cumbersome. Decision making 
become simple, easy and accurate through comparison of different proposed similarities. Finally, 
the proposed similarity measures applied to diagnose the Covid-19 will be extremely useful to 


prevent the spread of this virus. 


Keywords: m-Polar Neutrosophic Hypersoft Set (mPNHSS), Similarity Measure, Tangent Similarity 
Measure, Ye Similarity, Cosine Similarity. 


1. Introduction 


A great researcher Lotfi A. Zadeh [4] proposed a revolutionary theory, known as fuzzy set theory 
in 1965 was based on membership values. In some problems it is difficult to allot the membership 
value, to overcome this problem Smarandache [10] extended this concept with the addition of 
indeterminacy and non-membership values along with the membership value, it is introduced as a 
neutrosophic set. Neutrosophic set is a scientific tool for handling all the issues which including 
indeterminacy, uncertain and conflicting information [5]. In this idea membership, indeterminacy, 
and non-membership values are independent. Theory of soft set was proposed by Molodtsov [2], it 


resolves the issue of uncertain conditions. He introduced the soft set by considering a universal set 
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and the parameterized family of its subsets. Each element of the soft set is considered as an 
approximate element [7]. Soft sets play an important role in game prediction and basic decision- 
making problems (1a). From Molodtsov till now it is used in many applications and problems 
to connect the different fields of science and data research (2}(S}/9})13]. Maji introduced 
the concept of the neutrosophic soft set by combining the concept of neutrosophic set and soft 
set, it is used in decision-making problems and for research purpose [13]. To deal with 
uncertainty Smarandache (6| introduced the concept of the hypersoft set by converting soft 
set function values into multi-decision function values. In TOPSIS and MCDM Smarandache 
gave brief explanations of numerous extensions of neutrosophic sets [24129]. Saqlain 
introduced neutrosophic hypersoft set converting it from hypersoft set to handle the problems 
of uncertainty. The neutrosophic hypersoft set can be used to predict games (20}[21). Saeed 
and Saqlain introduced the concept of m polar neutrosophic soft set and used in medical 
diagnosis and decision making. we convert the m-polar neutrosophic soft set into the m-polar 
neutrosophic hypersoft sets to handle a large number of attributes in medical diagnosis. 

Many methods are used to measure the similarity between two neutrosophic hypersoft sets. 
The object of this paper is to use several similarity methods for m-polar neutrosophic hypersoft 
sets. The tangent similarity measure is introduced by Pramanik and Mondal [6], its properties 
and application also explained. J.Ye gave the idea of Ye similarity measure and explain its 
properties and applications [17]. Said Broumi and Florentin Smarandache [1] introduced cosine 
similarity which is based on Bhattacharya’s distance (19], its properties also briefly described. 
Anjan Mukherjee, Abhik Mukherjee introduced similarity measures of interval-valued 
fuzzy soft set for determining COVID-19 patients. 


1.1. Structure of this manuscript 


The proposed work is cataloged as follows, In Section 1 the related definitions of concepts 
for understanding soft set, neutrosophic set, neutrosophic hypersoft set, m-polar neutrosophic 
soft set are presented. In section 2 we proposed the basic definition of m polar neutrosophic 
hypersoft set and its aggregate operators like equal, null, subset, union, intersection. In section 
3 comparison among the several similarity measures of m polar neutrosophic hypersoft set and 
graphical representation of the results have been done with the help of an illustrated example 


of covid-19. In section 4 finally, conclusion and future directions are presented. 


1.2. Motivation 


Saqlain et al presented the Tangent similarity measure of single-valued NHSS (23}. Many 
pieces of research involve multi-attributes, multi-agent, multi-object, multi-Polar, and multi- 


index information.To tackle these kind of situations, we theorized several similarity methods 
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for m-Polar neutrosophic hyper soft sets. This approach will be extremely useful in MCDM, 
personal selection, coding theory, management problems, and medical diagnosis. In compari- 
son with single-valued NHSS, m-Polar NHSS give more accurate results. We also applied this 


theory on medical diagnosis to show its importance in real life problems. 


2. Preliminaries 


In this section, soft set, hypersoft set, neutrosophic set, neutrosophic hypersoft set, m-polar 


neutrosophic soft set, m-polar neutrosophic hypersoft set are briefly explained. 


2.1. Soft Set 


Let TY be a set of parameters or attributes concern the universal set K. P(K) represents the 
power set of the universal set K. To define soft set let B CY. Here og is a mapping which is 
defined as 

o: B > P(K) 

Then a pair (0, B) over K is called a soft set. For any a€B, o(a) may be written as a set of 
a-element of the soft set (e, B). Then (ge, B) is defined as 

(0, B)=o(a)e P(K) ifae B 

o(a)=¢ ifad B 


2.2. HyperSoft Set 


The pair (0, k!xk?xk?x...k”) is said to be a hypersoft set over K where @ is defined as 

o: kixk?xk?x...k™ + P(K) 

Here K is the universal set and P(K) is its power set. Consider «!, 62, 6°... &” for n>1 
is the n well-defined attributes, whose corresponding attribute values are k!, k?, k?,...k” 
respectively with the condition 


k'nki=¢ for iAj and i€{1, 2, 3, ..n}, j € {1, 2, 3, ..n} 


2.3. Neutrosophic Set 


Let K be a universal set and the neutrosophic set B is an object having the form 

B={(x: T(x), Ip(x), Fe(x)), xek} 

Where the function T, I, F: K —]-0, 1+[ define respectively the truth membership function, 
indeterminacy function, and falsity membership function. A set is a neutrosophic set with the 
condition 


Oo < Tp(x)+Ie(x)+Fp(x)<3t 


Theory and Application of Hypersoft Set 158 


To select the interval for the neutrosophic set from the philosophical point of view the 
neutrosophic set takes the value from real standard or non-standard subsets of ]0~, 1*[ it is 


difficult to apply in real applications for technical applications we take interval {0, 1] fi}. 


2.4. Neutrosophic Hypersoft set 


Let K be the universal set and P(K) be the power set of K. Consider n well-defined attributes 


Ki, «7, «°... «” for n>1 whose corresponding attribute values are respectively k!, k?, k?...k 


with the condition 

k’ A kI=¢ for iFj and ie{1, 2, 3, ..n} je{1, 2, 3, ...n} 

consider their relation 

ki x k? x kx... k"= 

define a mapping 

A: UW + P(K) 

MW =L(x, TAC), TAC), F(A(W))), xeK} 

Then the pair (A, W) is said to be a neutrosophic hypersoft set over universal set K. Where 
T(A(W)) is truth membership function, I(A(W)) is the indeterminacy function and F(A(W)) is 
the falsity membership function such that 

T(ACW)), ACY), FACY)) > [0, U 

with the condition 

0<T(A(W))+1(A(Y))+F(ACY)) 3 


2.5. m-Polar Neutrosophic soft set 


An m-polar neutrosophic soft set is defined as if K is a universal set and P(K) is its power 
set YT be the set of attributes concerning to K. B is said to be m-polar neutrosophic soft set 
over K if BCT. 

Its mapping is defined as 

A: B > P(kK) 

(A, B)={ ( T* X(B), I’ A(B), F* A(B))|k, keK} Wd 1s 2, By iocctt 

Here T’\(B) denotes the degree of i” truth membership function, I‘\(B) denotes the degree 
of i*” indeterminacy function and F’A(B) denotes the degree of i” falsity membership function 
for each element of kEK to the set B and hold the condition 

0< T*)\(B)+I'A(B)+F*A(B)<3 

V i=1, 2, 3, ..n 
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3. m-Polar Neutrosophic Hypersoft Set 


Let K={k!, k?, ...k”} be the universal set and P(K) be the power set of K. Con- 
sider K1, K2, «Km for m>1 be m well-defined attributes whose corresponding attribute 
values are respectively Y,!, Yo?, ...Y,” and their relation is Yy!xYo?x...T,” then the 
pair(A, Y1!xY2?x...Ym”) is said to be m-polar neutrosophic hypersoft set over K. Let 
Trix To? Tm2= 

where X is defined as 

A: Q — P(K) 

A(Q)={(Ty*(k), Iy*(k), Fr’(k) ) keK, Te 2} vet ae eee 2 

also 

0s" Tr‘(k)<1 0<-1"Ir'(k)S1 05-1" F r'(k)S1 

where 

Tri(K)CO, 1) Tr"(K)E, 1] Fr() CI, 1] 

and holds the condition 

05 Dar Tr'(kK) t+ Dar y'(kK) + Dir" F r'(k) 83 


3.1. Example 


Let K be the set of different teachers those are nominated for the best teacher of the year. 
consider 
Ker re. re. Ds. aed 
Assumptions: 
e Every teacher has the same probability to select. 
e Independent attributes are considered. 


e Hesitant Environment is not yet considered. 


Problem formulation: 
Assume the set of attributes as 
Q,°= Academic Qualification (below masters, masters, above masters) 
Qo’= Professional Qualification (yes, no) 
Q3°= Professional Skills (good, average, poor) 
Qu?= Teaching Methods (traditional, up to date) 
Formulation 
dz Q1*x Qe? x Q3°x Qu? + P(K) 
consider 
A(masters, yes, good, up to date)={T?, T*} 


Then the Neutrosophic hypersoft set of above assumed relation 
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A(masters, yes, good, up to date)={/T?,(Q:7[0.9, 0.4, 0.1], Q2"[0.7, 0.3, 0.5], Q3°[0.4, 0.9, 
0.7], Qa@[0.6, 0.3, 0.5]), (T4 (Q12[0.5, 0.3, 0.7], Qe°[0.5, 0.1, 0.3], Q3°[0.7, 0.5, 0.8], Qu@[0.4, 
0.6, 0.3])} 


Then m-Polar Neutrosophic Hypersoft Set of above relation is 

Ai (masters, yes, good, up to date)={ T ? ( Q;7[0.01, 0.003, 0.1, 0.023, 0.07], [0.092, 0.073, 
0.08, 0.2, 0.4], (0.2, 0.17, 0.06, 0.13, 0.3]), (Qo°[0.2, 0.1, 0.5, 0.019, 0.051], [0.21, 0.14, 0.27, 
0.009, 0.1], [0.113, 0.35, 0.25, 0.12, 0.03]), (Q3°[0.12, 0.13, 0.14, 0.15, 0.39], [0.17, 0.20, 0.24, 
0.15, 0.1], (0.2, 0.1, 0.5, 0.019, 0.051}), (Q4@[0.2, 0.17, 0.06, 0.13, 0.3], [0.12, 0.025, 0.07, 0.22, 
0.074], [0.01, 0.003, 0.1, 0.023, 0.07]) } 


A2(masters, yes, good, up to date)={T*/( Q;%[0.09, 0.08, 0.7, 0.026, 0.05], [0.04, 0.03, 0.02, 
0.1, 0.09], [0.32, 0.51, 0.06, 0.03, 0.02]), (Q2°[0.12, 0.13, 0.14, 0.15, 0.39], [0.17, 0.20, 0.041, 
0.05, 0.1], [0.2, 0.1, 0.5, 0.019, 0.051]), (Q3°[0.09, 0.08, 0.7, 0.026, 0.05], [0.04, 0.03, 0.02, 0.1, 
0.09], [0.02, 0.51, 0.06, 0.03, 0.12]), (Q4“[0.12, 0.13, 0.14, 0.15, 0.39], [0.12, 0.025, 0.07, 0.22, 
0.074], [0.12, 0.025, 0.07, 0.22, 0.4])} 


3.2. Aggregate Operators of m-Polar Neutrosophic Hypersoft Set 


In this manuscript, aggregate operators of m polar neutrosophic hypersoft set like the equal 
set, null set, subset, union, and intersection are explained. The validity and restrictions of 
proposed operators are briefly discussed. With the Help of aggregate operators, any set can 
be used to obtained desired results these operators are tools that are beneficial to use different 


sets in problems. 


3.3. m-Polar Neutrosophic Equal Hypersoft Set 


let K={k!, k?, ...k"} be the universal set and P(K) be the power set of K. Consider «1, ko, 
..Km for m>1 be m well-defined attributes whose corresponding attribute values are respec- 
tively Ty!, Yo?, ...Y,,.” and their relation are Ty! x T2?x...Tm”. 

Let T1?x To? x... ,"=0 

A(Q)={(Trcay'(k), Tryay'(k), Friay‘(k) ) keK, TeQ} 

B(Q)={(Tr(py'(k), Trcay'(k), Frcey'(k) ) keK, TeQ} 

i=1, 2, ...,n 

are two m-polar neutrosophic hypersoft sets over K. They are said to be m-polar neutro- 


sophic equal hypersoft sets 
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if it satisfied the following conditions 
Ty ay'(k)=T xp)‘ (k) Ty(ay'(k)=Typy'(k) Fy(4)'(k)=Fypy'(k) 


3.4. m-Polar Neutrosophic Null Hypersoft Set 


let K={k!, k?, ...k”} be the universal set and P(K) be the power set of K. Consider #1, Ka, 
..Km for m>1 be m well-defined attributes whose corresponding attribute values are respec- 
tively Vas Yo?, ...Ym” and their relation are Ty! T2?x...Tm”. 

Let Y)!xYo?x...T,"=0 

A(Q={(Trca)‘(k), Trcay'(k), Fray'(k) ) keK, Te 2 } 

is said to be an m-polar neutrosophic Null hypersoft set over K. 

if it satisfied the following conditions 

Tray'(k)=0 Ty(ay'(k)=0 Fyyay'(k)=0 


3.5. m-Polar Neutrosophic Subset Hypersoft Set 


let K={k!, k?, ...k”} be the universal set and P(K) be the power set of K. Consider #1, ka, 
..Km for m>1 be m well-defined attributes whose corresponding attribute values are respec- 
tively Y,!, Yo?, ...Y,” and their relation are Y;!« 22x... ,”. 

Let Y1!xYo?x...Tm"=0 

A(Q)={(Tray(k), Trcay*(k), Frcay'(k) ) keK, Te Q} 

B(2)={(Tr(zy'(k), Trvey'(k), Frce)'(k) ) keK, Te 2 } 

mo en 

are two m-polar neutrosophic hypersoft sets over K. Then A(Y !xY2?x...Tm”) is the m 
polar neutrosophic subset hypersoft set. 

if it satisfied the following conditions 

Tray (k)STrayi(k) — Tycay'(k) =F y(ay'(k) Fycay'(k)>F yay‘(k) 


3.6. Union of Two m-Polar Neutrosophic Hypersoft Sets 


let K={k!, k?, ...k"} be the universal set and P(K) be the power set of K. Consider «1, ka, 
..Km for m>1 be m well-defined attributes whose corresponding attribute values are respec- 
tively Ty!, Yo?, ...Ym” and their relation are Ty! x Yo?x...Tm”. 

Let Ty! To?x...T,°=0 

A(Q)={(Tycay'(k), Trcay'(k), Fray(k) ) KEK, Te 9} 

B(Q)={(Tr(ay'(k), Trcay'(k), Frcay'(k) ) keK, Te 2 } 

eae Ie teres 


are two m-polar neutrosophic hypersoft sets over K. 
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Then A(Q) U B(Q) is given as 


A(Q) ifeeA 
T(A(Q) U B(Q)) = 4 B(Q) Wee. 
max(T(A(Q)), T(B(Q))) ifa €¢ AUB) 


A(Q) ifve A 
1(A(Q) U B(Q)) = ¢ B(Q) ifx € B 
{CAGE 5 fe © AUB) 


A(Q) ifeeA 
F(A(Q) U B(Q)) = 4 B(Q) ifeeB 
min(F(A(Q)),T(B(Q))) ifae AUB) 


3.7. The Intersection of Two m-Polar Neutrosophic Hypersoft Sets 


let K={k!, k?, ...k"} be the universal set and P(K) be the power set of K. Consider «1, ko, 
..Km for m>1 be m well-defined attributes whose corresponding attribute values are respec- 
tively Ty!, Yo?, ...Ym” and their relation are Ty!x Y2?x...Tm”. 

Let 11! x Yo?x...Tr7=2 

A(Q)={(Tra)'(k), Trcay'(k), Frcay'(k) ) keK, Te Q } 

B(Q)={(Ty(py'(k), Trcey'(k), Frcey'(k) ) KEK, Te © } 

i=1, 2, ...,n 

are two m-polar neutrosophic hypersoft sets over K. 

Then A(Q) N B(Q) is given as 


ifceA 
ifxeB 
min(T(A(Q)),7(B(Q))) ifa € AU B) 


A(Q) ifa eA 
1(A(Q)N B(Q)) = 8 B(Q) ife eB 
{LAM BO), 5 fe € AUB) 


A(Q) ifz eA 
F(A(Q)N B(Q)) = 8 B(Q) ifee B 
max(F(A(Q)),T(B(Q))) if € AUB) 
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4. Comparison among The Several Similarity Measure of m-Polar Neutrosophic 


Hypersoft sets 


In two objects similarity measure is a numerical value of the degree according to the objects 
are same or nearly equal to each other. Usually, the values of similarities are positive and 
mostly lies between 0 and 1. Here 0 means there is no similarity and 1 means completely 
similar to each other, any similarity who answer near to 1 is more accurate and beneficial 
for research proposes. A similarity measure is very important in decision-making problems 
through calculating similarity measures among the ideal and given options. Let A and B be 
two m-polar neutrosophic hypersoft set in the universal set K={ kj, ko, ..., k,}. Explain 


several similarities to solve m-polar neutrosophic hypersoft set. 


4.1. Tangent Similarity Measure for m Polar neutrosophic Hypersoft Sets 


Let K={kj, ko, ks, ...,.kn} be a universal set P(K) be its power set. Consider two m-polar 
neutrosophic hypersoft set 

A={(Ta'(k), Ia’(k), Fa'(k) ) kEK, a€(ay!xap?x...an!)} 

B={(Ty'(k), Ib’(k), Fo'(k) ) keK, bE(bi! x be?x...b,!)} 

To measure the tangent similarity for these two m-polar neutrosophic hypersoft set use the 
given tangent similarity 

T(A, B)={2 2% [1 — tan (| Tick) — THR) | + | TiC) — TCR) | + | Fie) — FEC) IF 


here 


keK, a€(ay)xag?x...am!, b € (by! x be?x...b,!) 

05> a1" Ta,8'(k)S1 05> j1"14,8'(k)S1 Os int" Fae'(k)S1 
where 

Ty’(k)C[0, 1] Ty?(k)C[0, 1] Fy*(k)C[0, 1] 


and holds the conditions 
05 oe Taek) ty a "Fas &)S3 


4.2. Proposition 


Tangent similarity measure between two m-polar neutrosophic hypersoft sets satisfies the 
following properties 
(1) 0S Trenuss(A, B)<1 
(2) Tmpnuss(A, B)=1 if and only if A=B 
(3) Tmenuss(A, B)=Tmenuss(B, A) 
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(4) if C is a mPNHSS and ACBCC then Tmpnuss(A, C) < Tmpnuss(A, B) and 
Tmpenuss(A, C) < Tmenuss(B, C) 


4.3. Proofs 


(1). 0< Tmenass(A, B)<1 


As the truth membership function, indeterminacy function, and falsity membership function 
of Tn»pnuss lies between 0 and 1, because the values of the tangent function are within [0, 1] 
and the similarity measure which is based on tangent also lies within [0, 1]. Hence proved 

0< Tm—pnuss(A, B)<1 


(2) Tm—pnuss(A, B)=1 if and only if A=B 
For any two m-PNHSS A and B, let A and B are equal m-PNHSS as given in statement (means 
A=B) this implies 


Ta(x)=Ta(x) — Ta(x)=Ia(x) Fa(x)=Fa(x) 
Hence there difference also equal to zero means 
| Ta(x)-Ta(x)|=0 | La(x)-Ip(x)|=0 | Fa(x)-Fa(x)|=0 


after putting these values in tangent similarity formula, since tan(0)=0 so we get the answer 
is 1.Hence if A=B then T,,pyags(A, B)=1 
Conversely 


If Tnenass(A, B)=1 then it is obvious that 


| Ta(x)-Ta(x)|=0 | Ta(x)-Ia(x)|=0 | Fa(x)-Fa(x)|=0 
these imply that 
Ta(x)=T p(x) I4(x)=Ip(x) F 4(x)=F p(x) 


by definition of equal mPNHss A=B 


(3)Tmpnuss(A, B)=Tmenuss(B, A) 

To calculate the value of Tnpwass(A, B) firstly find 
Ta(s-Ta(X)| | TaGs-InGd! | Pals) (s)| 

As we know the property of mod 

-x|=x 

by using this property it is obvious that 

Ta(s)-Ta()I=] Tas)-TaG! | Ta(x-Ia(s)I=I Ta )-1a 0 
Fa(x)-Fa(s)I=| Fa(s)-Fa(s)| 
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So the values of Tm_—pnuss(A, B)= Tm—Pnuss(A, B) 


(4)if C is a m-PNHSS and ACBCC then T,,-pnygss(A, C) < Tm-pnuyss(A, B) and 
Tm—pnuss(A, C) < Tm—pnuss(B, C) 

If ACBCC then by definition if subset m-PNHSS Ty(x)< Ta(x) < Te(x), La(x) > Ia(x) 
> I¢(x), Fa(x) > Fa(x) > Fe(x) for xeX 


by using definition we get the inequalities: 


| Ta(x)-Ta(x)| S| Ta(x)-To(x)| | Ta(x)-To(x)|<| Ta(x)-To(x)| 
| La(x)-Ie(x)|S] La()-Io)| | Ie (x)-Ie(x)| S| La(x)-Ie(x)| 
| Fa(x)-Fa(x)|<| Pa(x)-Fe(x)| | Fa(x)-Fo(x)|S| Fa(x)-Fe(x)| 


Thus we conclude that 
Tm—-pnuss(A, C) < Tm—pwuss(A, B) and Tm_pnagss(A, C) < Tm—pnuss(B, C),because 


the tangent function is increasing in the interval[0, 7] 


4.4. Ye’s similarity 


Ye’s similarity is defined as 

Sye(A, B)=1-§ i=1"wil] Ta9 (ki)-T a? (ki)| +] La? (ki)-I? (ki) |+1F 4?) +F 27) 
where 

TaB'(k)C{0, 1] La,e*(k)CIO, 1 Fa,p'(k)C(0, 1] 

and holds the condition 

Os doar" T a8 (kK) + a1" Ta, 8 (kK) + a1 "F 4,8'(k) 83 


4.5. Proposition 


Ye similarity measure between two m-polar neutrosophic hypersoft set satisfies the following 


properties 
(1) O< SyemPNHSs(A, B)<1 
(2) Syempnuss(A, B)=1 if and only if A=B 


= 
(3) SyemPNHSS (A, B)= 


SyemPNHSS (B, A) 


4.6. Proofs 


(Ly. 0< SyemPNHSS(A, B)<1 
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As the truth membership function, indeterminacy function, and falsity membership function 
of SyemPNuSs lie between 0 and 1, the similarity measure which is based on the above functions 
also lies within [0, 1]. Hence proved 


0< SyemPNHSS(A, B)<1 
(2). Syempnuss(A, B)=1 if and only if A=B 


Let A=B then by definition of equal m polar neutrosophic hypersoft set 
Ta(x)=Ta(x) I4(x)=Ip(x) F 4(x)=F p(x) 

then 
Syempnuss(A, B)=1-§ > i=1" wil] Ta? (ki)-T 5? (kz)| +] La? (ki)-In? (ki) | +1F.7 (7) +F 8 (F)| 
SyemPNuHss(A, B)=1-0 

SyemPnuss(A, B)=1 

Conversely, 

Let Syempnuss(A, B)=1 then only one possibility is 

Ta(x)-Tp(x)=0 I4(x)-Ip(x)=0 F 4(x)-Fp(x)=0 

this implies that 

Ta(x)=T B(x) Ta(x)=Ia(x) Fa(x)=F p(x) 

so, A=B 


(3)Syempnuss(A, B)=Syempnuss(B, A) 


Syempnuss(A, B)=1-s)vi=1" wil] Ta? (ki)-T p? (ki)| +] La? (ki)-In? (ki) |+|F 4? #)+F 8! (*)| 
it can be write as 
Syempnuss(A, B)=1-4>i=1" wil] Tp? (ki)-T.47 (ki)| +| Lp? (ki)-La? (ki) |+|F eo? (2) +F a? (*)| 


Syempnuss(A, B)=Syempnuss(B, A) 


4.7. Cosine Similarity 


Candan and sapino give us the idea of cosine similarity which is a fundamental angle 
based similarity. It helps to calculate the similarity between two n-dimensional vectors by 


using the cosine of the angle between them. Consider two vectors A, B. Their attributes are 
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A=((a1, a2, ..., An) and B=((bj, ba, ..., bn), 0 is the angle between A and B, similarity can be 


calculated by using dot product and magnitudes of vectors A and B 


cos0 = 


i= iat didi 
{Tee 1 a2 fe 1 oe 


now consider if there is an m-polar neutrosophic hypersoft sets A and B in K={ kj, ko, ..., 


k, } then the cosine similarity between A and B can be calculated by the following formula 


AT a (ki )ATB (ki) + ATA (ki) Alp (ki t+ AP a (ki AFB (ki) } 


Cs B)=5 dial by (AT 4 (ki)? +(AL a (Ki)? +(A Fra (hi)? (AT a (ki)? + (AT (ki)? +(A FB (ki)? 


where 

A Ta(ki)=Dj=1" Ty? (k) 

A Ta(ki)=0j=1" lr (k) 

A Fa(ki)=)0j=1"F y’ (k) 

and holds the condition 

OS eg Te a ek pare "Fri (k)<3 


4.8. Proposition 


Cosine similarity measure between two m-polar neutrosophic hypersoft sets satisfies the 
following properties 
(1) 0< Cm_—pwuss(A, B)<1 
(2) Cm—-pnuss(A, B)=1 if and only if A=B 
(3) Cm—pnuss(A, B)=Cm—pnuss(B, A) 


4.9. Proofs 

(1). 0S Cm—pwuss(A, B)<1 

As the truth membership function, indeterminacy function, and falsity membership function 
of Syem—PNuHSS lie between 0 and 1, values of cosine function also lies between 0 and 1, the 
similarity measure which is based on cosine also lies within [0, 1]. Hence proved 

0< Cn—pnuss(A, B)<1 


(2). Cn—pnuss(A, B)=1 if and only if A=B 


Let A=B then 
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Ta(x)=T p(x) I4(x)=Ip(x) F 4(x)=F p(x) 
Cn—pnuss(A, B) UG AT 4(ki)ATp (ki) + Al a(ki) AT (ki) + AP a(ki APB (ki) 1 
i V (AT a(ki))? + (ALa(ki))? + (AF (ki)? V (AT (ki)? + (Alp (ki)? + (AF (ki)? 


after using the definition of equal m-polar neutrosophic hypersoft set it became 
Cn—pnuss(A,B)=1 

Conversely, 

Let Cm—pnuss(A, B)=1 then there is the only possibility 

Ta(x)=T p(x) T4(x)=Ia(x) Fa(x)=F p(x) 

Hence A=B 


(3). Cn—pnuss(A, B)=Cm—pnuss(B, A) 


} 


Cre= PNHsS( (A, B) UG AT (ki) AT (Ki) a Al 4(ki) AT (ki) + —e 


V (AT 4(ki))? + (ALa(ki))? + (AFa (hi)? V(AT (ki)? + (AT (hi)? + (AF (ki))? 


It can be written as 


} 


Cn—pnuss(A, B) 


LG AT (ki) AT a (ki) + Alp (ki) ALA (ki) + AF a (ki) AF 4 (ki) 
V(ATp(ki))? + (Alp (ki)? + (AFB (ki)? V(ATa (ki)? + (Ala (ki)? + (AF (ki)? 


Cm—pNnuss(A, B)=Cm—pnuss(B, A) 


4.10. Application of Tangent Similarity Measure for m-Polr Neutrosophic Hypersoft set to 
Diagnosis Covid-19 


In medical diagnosis, decision making became very much complicated because medical test 
are too expansive and time taking. Sometime condition of patient is not stable, the doctor 
did not have enough time to wait for the result of a medical test, they should take urgent 
steps to save the patient’s life. In such conditions these kind of studies help them to take 
effective decisions to save patient’s life. In the days of covid-19 patients are large in number 
and the medical test is very much expensive and time-taking. Some patients had financial 
problems and the condition of some patients is critical. To handle that pandemic situation, 
we demonstrate the application of the proposed tangent similarity measure for the m-polar 
neutrosophic hypersoft set to medical diagnosis. we discuss the covid-19 diagnosis as follow: 

For example, the patients of covid-19 reported the symptoms like 


serious symptoms= SS= difficulty in breathing, chest pain, loss of speech 
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most common symptoms= MCS= fever, dry cough, tiredness 

less common symptoms= LCS= pain, sore throat, headache 

we construct a model(patient) who is suffering from covid-19. Note down the symptoms of 
covid-19 according to the list SS, MCS, LCS and figure out their scale for diagnosis take under 


observation and figure out the m polar neutrosophic hypersoft set 


Pyz={SS((0.087, 0.68, 0.073, 0.060), (0.087, 0.073, 0.79, 0.05), (0.68, 0.084, 0.079, 0.16)), 
MCS((0.53, 0.067, 0.071, 0.068), (0.43, 0.087, 0.32, 0.064), (0.411, 0.080, 0.076, 0.4)), 
LCS((0.03, 0.51, 0.063, 0.041), (0.063, 0.072, 0.54, 0.010), (0.083, 0.079, 0.076, 0.71))} 


Five patients are suffering from fever and also having some symptoms due to these symptoms 
they thought they are suffering from covid-19. To diagnosis that those patients are suffering 
from covid-19 or not. For this purpose construct the m polar neutrosophic hypersoft set for 


every patient. Like 


First Patient 

P,={SS((0.078, 0.77, 0.068, 0.05), (0.072, 0.086, 0.70, 0.06), (0.58, 0.085, 0.075, 0.13)), 
MCS((0.43, 0.087, 0.061, 0.059), (0.53, 0.057, 0.12, 0.034), (0.011, 0.07, 0.46, 0.3)), LCS((0.04, 
0.61, 0.053, 0.051), (0.073, 0.52, 0.31, 0.02), (0.073, 0.069, 0.080, 0.72))} 


Second Patient 

P2={SS((0.002, 0.01, 0.02, 0.03), (0.032, 0.056, 0.02, 0.05), (0.042, 0.051, 0.035, 0.03)), 
MCS((0.04, 0.05, 0.041, 0.029), (0.053, 0.062, 0.09, 0.11), (0.001, 0.04, 0.16, 0.05)), LCS((0.063, 
0.049, 0.023, 0.03), (0.053, 0.42, 0.21, 0.01), (0.063, 0.054, 0.073, 0.74))} 


Third Patient 

P3={SS((0.001, 0.003, 0.0012, 0.004), (0.021, 0.014, 0.053, 0.061), (0.012, 0.003, 0.0012, 
0.021)), MCS((0.002, 0.013, 0.053, 0.060), (0.0017, 0.023, 0.04, 0.0029), (0.0017, 0.023, 0.04, 
0.0029)), LCS((0.009, 0.0014, 0.0049, 0.0021), (0.007, 0.004, 0.013, 0.0029), (0.002, 0.004, 
0.0012, 0.0014)) } 
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Forth Patient 

P4={SS((0.0011, 0.0012, 0.0002, 0.0010), (0.0021, 0.0041, 0.0035, 0.061), (0.0012, 0.0001, 
0.0021, 0.0022)), MCS((0.004, 001, 0.0051, 0.006), (0.0017, 0.0023, 0.004, 0.0019), (0.003, 
0.00041, 0.0003, 0.005)), LCS((0.0009, 0.0013, 0.0009, 0.0012), (0.0005, 0.0014, 0.0002, 
0.00091), (0.0003, 0.0041, 0.0012, 0.0001))} 


Fifth Patient 

P5={SS((0.077, 0.66, 0.073, 0.060), (0.082, 0.070, 0.69, 0.05), (0.66, 0.083, 0.070, 0.11)), 
MCS((0.51, 0.077, 0.061, 0.069), (0.53, 0.077, 0.22, 0.074), (0.41, 0.81, 0.074, 0.3)), LCS((0.032, 
0.49, 0.061, 0.042), (0.073, 0.051, 0.31, 0.05), (0.083, 0.078, 0.075, 0.70)) } 


Our aim is to diagnosis which patient is suffering from covid-19, for this purpose use several 


similarities to analyze this problem. 


From the tangent similarity formula, we compute the similarity between P; (i=1, 2, 3, 4, 5) 
and Py as follows: 
=0.9148 
=0.6182 
=0.2499 
Tm—PNuHss(P4, Pyz)=0.2030 
Tm—pPNnuss(Ps, Pyy)=0.9077 


After that calculation we diagnosis that the first patient is suffering from covid-19, and his 


Tm—pNnuss(P1, Pu 
Tm—pNnuHss(P2, Pu 


Tm—pNnuss(P3, Pu 


Nr RF RH Ne 


condition is severe. The fifth patient is also suffering from covid-19. The second Patient also 
having some symptoms of covid-19 he needs to adopt the preventing measures. Third and 


Fourth Patients are suffering from seasonal temperature. 


From the ye similarity formula, we compute the similarity between P; (i=1, 2, 3, 4, 5) and 
Py as follows: 


yemPNHSS(P1, Py)=0.8377 


yemPNHSS(P2, Pyy)=0.3195 


S ( ) 
S ( ) 
SyemPNHSS(P3, Py)=0 
SyemPNHSS(Pa, Pu)=0 
SyemPNHSS(Ps, Py)=0.8248 
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TABLE 1. Several Similarity Measures 


Patient Tangent Ye Similar- Cosine 
Similarity ity Similarity 

Py 0.9148 0.8377 0.9961 

P2 0.6182 0.3195 0.9599 

P3 0.2489 0 0.7727 

Py 0.203 0 0,7342 

Ps 0.9077 0.8248 0.9864 


After that calculation, we diagnosis that First and Fifth patient is suffering from covid-19. 
The second Patient also having some symptoms od covid-19 he needs to adopt the prevention 


measures. This Similarity is not useful to the diagnosis of covid-19 for the Third and Fourth. 


From the cosine similarity formula, we compute the similarity between P; (i=1, 2, 3, 4, 5) and 
Py, as follows: 

=0.9961 

=0.9599 

=0.7727 

Cmpnuss(P4, Pis)=0.7342 

Cmpnuss(Ps, Pi)=0.9864 


After that calculation, we diagnosis that the first patient is suffering from covid-19, and his 


Cmpnuss(P1, Pm) 
Cmpnuss(P2, Pm) 
) 
) 


( 

( 
Cmpnuss(P3, Pu 

( 

( 


condition is severe. The fifth and second patient is also suffering from covid-19. The third 
and fourth patients also having some symptoms od covid-19 he needs to adopt the prevention 


measures. 


4.11. Tabular and Graphical Representation 


A comparison among several similarities also expressed through tabular and graphical rep- 


resentation for quick analysis. 
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Comparison of Several Similarity 
Measures 

12 

1 
08 
2 
Ge —¢— Tangent Similarity 
a —f- Ye Similarity 
04 —*k— Cosine Similarity 
0.2 

0 

0 = 4 6 


5. Conclusion 


Similarity concept is extremely beneficial in MCDM, management problems, personal selec- 
tion, coding theory, medical diagnosis, and feature extraction,etc. The aim of this paper is to 
establish Tangent, Cosine, Ye similarity measures of multi-polar neutrosophic hypersoft sets. 
This extension can be applied immensely in decision-making problems, management problems, 
time series, forecasting, and supply chain, etc. Coronavirus disease 2019 (Covid-19) is an in- 
fectious disease caused of ongoing pandemic. In the end, we applied this technique in medical 
diagnosis of covid-19 to show the practical application of this idea. In future, we would like 
to generalize entropy measure, TOPSIS, VIKOR, etc of m-Polar and Bipolar neutrosophic 
hypersoft sets. These concepts will be extremely useful for solving the problems having large 


number of attributes. 
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Abstract: The soft set is inadequate to tackle the problems involving attribute-valued sets. 
Hypersoft set, an extension of the soft set, can tackle such issues efficiently. This work aims to 
adequate the existing concepts of mappings on fuzzy soft and soft classes for multi attribute-valued 
functions. First, mapping is characterized under a hypersoft set environment, then some of its 
essential properties like HS images, HS inverse images, etc., are developed with more generalized 
results. Moreover, practical application and comparative study is given to show the validity and 
predominance of the proposed technique. 

Keywords: Fuzzy soft classes; Soft classes, Hypersoft set, Hypersoft classes, Hypersoft images, Hypersoft 


inverse images. 


1. Introduction 


For solving multifaceted problems in robotics, engineering, shortest-path selection, economics, and 
the environment, we cannot practice the conventional means successfully. Despite the variety of 
incomplete information, there are four theories specific to these problems Probability set theory 
(PST), Fuzzy set theory (FST) Zadeh [1], Rough set theory (RST) Pawlak [2] and Period mathematics 
(PM) can be assumed as a mathematical tool for dealing with lacking information. Every one of 
these apparatuses acquires the pre-determination of few parameters, to begin with, density function 
(DF) in PST, membership degree in FST, and a congruence relation in RST. Such a prerequisite, 
observed in the scrim of flawed or deficient information, escalate numerous issues. Simultaneously, 
fragmented information stays the most glaring attribute of humanitarian, organic, monetary, social, 
political, and large man-machine frameworks of different kinds. Heilpern [3], presented the idea of 
fuzzy mapping and demonstrated a fixed-point theory for fuzzy contraction mappings, which 
speculates the fixed-point hypothesis for multi-valued mappings of Nadler [4]. Estruch and Vidal 
give a fixed-point theory for fuzzy contraction mappings over a complete metric space, which is a 
generalization of the fundamental Heilpern’s fixed point hypothesis [5]. In the pioneer research of 


Zhu and Xiao [6] they have examined the convexity, and quasiconvexity of fuzzy mappings 
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by considering the idea of ordering due to Goetschel- Voxman [7]. Syau demonstrated the 
idea of convex and concave fuzzy mappings. Syau (1, presented the idea of differentiability, 
summed up convexity e.g., pseudoconvexity and invexity for fuzzy mappings of a few factors. 
His methodology is equal to Goetschel- Voxman approach for fuzzy mapping of a single variable 
in which the arrangement of fuzzy numbers is embedded in a topological vector space. 
Molodtsov successfully implemented soft set (SS) theory in several directions likes the 
ease of function, Riemann integration (RI), Peran integration (PI), Probability theory (PT), 
Measurement theory (MT) and so on. Hopeful results have been found by Kokovo et al. (11). 
The SS theory is used for the process of optimization in Optimization theory (OPT), Game 
theory (GT), and Operations research (OR). Maji et al. presented S-sets applications 
in decision-making problems. In [13], Yang et al. highlighted the requirements of S-sets in 
engineering extended applications. Maji et al. presented the concept of fuzzy SS and its 
many features. They proposed it as an attractive enlargement of S-sets, additional features 
to uncertainty and ambiguity on the highest level of incompleteness. Present researches have 
explained how to combine the two ideas into a more flexible, high expression structure 
for modeling and refined foggy data in the information system. The concept of SS is applied 
to solve a lot of problems in (17}{23}. 

Karaaslan presented the soft class and its relevant operations. He applied its utilizations 
in decision making successfully. Athar et al. presented the concept of mappings on 
fuzzy soft classes and mappings on soft classes in 2009 and 2011 respectively. They considered 
S-images’ properties, S-inverse images, fuzzy SS, fuzzy S-images, fuzzy S-inverse images of 
fuzzy S-sets, and illustrated these concepts with examples and counterexamples. 

Alkhazaleh et al. introduced the notion of a mapping on classes where the neutrosophic soft 
classes are collections of the neutrosophic soft sets. Additionally, they characterized and study 
the properties of neutrosophic soft images and neutrosophic soft inverse images of neutrosophic 
soft sets. Sulaiman et. al presented the idea of mappings on multi-aspect fuzzy soft classes. 
They explored a few properties related to the image and pre-image of multiaspect fuzzy soft 
sets and further illustrate with some numerical examples. Maruah et. al characterized the 
notation of mapping on intuitionistic fuzzy soft classes with some properties of intuitionistic 
fuzzy soft images and inverse images. Manash et al. gave the idea of composite mappings 
on hesitant fuzzy soft classes in 2016 and discussed some interesting properties of this idea. 
Samarandache introduced the concept of HS set as a generalization of soft set in 2018. 
At that point, he made the differentiation between the sorts of initial universes, crisp, fuzzy, 
intuitionistic fuzzy, neutrosophic, and plithogenic respectively. Thus, he also showed that 
a HS set can be crisp, fuzzy, intuitionistic fuzzy, neutrosophic and plithogenic respectively. 


Saeed et al. explained some basic concepts like HS subset, HS complement, not HS set, 
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union, intersection, HS set relation, sub relation, complement relation, HS representation in 
matrices form and different operations on matrices. In this study, an extension is made in 
existing literature regarding mapping on fuzzy soft and soft classes by defining mapping for 
HS classes. We develop some properties of mapping on HS classes like HS images, HS inverse 
images. Moreover, a practical application and comparative study is given to show the validity 
and predominance of the proposed technique. 

The ordering of remaining article is sort out as follows. In Section 2, some basic definition 
regarding soft set, soft class, soft image, soft inverse image, HS set, HS relation and HS function 
are re-imagined. In Section 3, mapping on HS classes, HS image, HS inverse image and its 
relevant theorems with proofs are characterized. In Section 4, a practical application is given 
to show the validity of the proposed approach. In the last section, some concluding remarks 


are described. 


1.1. Motivation 


In a diversity of real-life applications, the attributes should be further sub-partitioned into 
attribute values for clear understanding. Samarandache fulfilled this need and developed 
the concept of the HSS as a generalization of the SS. Now, It will be a question that how 
and where it tends to be applied? HSS set is significant? How do we define mappings for 
HSS classes? To answers these questions and getting inspiration from the above writing, it 
is relevant to broaden the idea of mappings for those sets managing disjoint arrangements of 
attributed values, i.e., HS set. In this investigation, an extension is made in existing theories 
with respect to mappings on fuzzy soft and soft classes by characterizing mappings on HS 
classes. The striking component of mappings on HS classes is that it can mirror the inter- 
relationship between the multi-attribute function. Moreover, specific generalized properties 
of mappings on HS classes like HS images and HS inverse images, are established since it is 
not yet characterized. Some related results are proved with the help of illustrative examples. 
Moreover, a practical application and comparative study is given to show the validity and 


predominance of the proposed technique. 


2. Preliminaries 


In this section, some basic definition is presented over the universe U. 


Definition 2.1. A pair (¢ : A) is said to be soft set over U, where ¢ is a mapping in such 
a way 

¢:A P(U), 
In other words, a soft set over Uisa parameterized family of subsets of the universe. For 


ee Ac (€) may be considered as the set of € approximate elements of the soft set (c : A). 
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Definition 2.2. Let U consider as initial universe, suppose ©) be set of parameters, and 
let F ={&: 2=1,2,..., n} be a set of decision makers. Indexed class of S-sets {dz : de co 
P(U),& € F } is said to be soft class and is denoted by Bp. If, for any & € F, Be = ®, the SS 
Be, Op. 


Definition 2.3. Let (R,0) and (§,0’) be two classes of S-sets over the universal set 
Ft and @ respectively. Let fi : x g@and yy: oO ey be mappings. Then a mapping 
0 = (jt,¥) : (RO) — (G,0’) is defined as, for SS (A, &) in (R,) and J(A,N) is SS in (G,0’) 
obtained as follows, For B € ¥(5) Co! and y € @, then 


vena ace Pinna) @ HMDA, 
Soy ep (9) \ &E¥-1(B)N 
HL W = ee (1 


S 


if otherwise 


B(h,X) is called a soft image of SS (A, 8). 
Now, let (¢,%) a SS in (¢,5’), where $ C 5 then J-!(£,S) is a SS in (R,) given as follows, 


UNAM) if ¥(a) ES 
0 


if otherwise 


Definition 2.4. Let 61, 62,03,-+- ,On be the distinct attributes whose corresponding 
attribute values belongs to the sets Sides eae sO, respectively, where eth oF = © for 
i x j. A pair (T, J ) is called a HS set over the universal set U, where Y is the mapping given 
by Y: J — P(U), where J = D1 x Og x D3 X ... X Op. For more definition see [sal{35}. 


Definition 2.5. Let (h,®) and (£,%) be the two HS sets over the same universal set U. 
Then the relation from (h,) to (¢,%) is called a HS set relation (R,C) or it is in simple way 
R is a HS subset of (h,®) x (¢,3), where C C 8 x S and V (4,6) € C R(a,b) = H (a,b), where 
(H,® x S) = (A, 8) x (2,3). A HS set relation on (f,&) is a HS subset of (h,®) x (A,X). In 
similar way, the parameterized form of relation R on the HS set (h, X) is defined as follows. 
If (h, 8) = {h(a), A(b), ...}, then h(a) RA(b) = A(a) x h(b)) € R. 


) 
a 


y 


Definition 2.6. Let (h,®) and (£,%) be the two HS sets over the same universal set U. 
Then the HS relation from(h,®) to (¢,%) can be symbolize as 0 : (h, 8) —> (€,9) is called a 
HS set function. 


(1) If every element in the domain of 3 has unique element in range of 0. 
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(2) If it is closed h(&)JE(b) i.e h(a) x &(b) € J then we can represent it in the form J(A(a)) = 
((b) 


3. Mappings on Hypersoft Classes 


In this section, mapping on HS classes, HS image, HS inverse image and its relevant theorems 
with proofs are characterized. Throughout this section, consider 01 x Dg X D3 X ... X Dn = J 
Dy Oe ee ee DE = I, Rue Ro Ree ON SN, Sk Stok Sg i KS SS 


(Q4, G2, 3, 50) = a and (P1, C2, 83, ---5 Bn) = io: 


Definition 3.1. Suppose U be an initial universe, let €1, €2,€3,°-* ,€, be the distinct attributes 
whose attribute values belongs to the sets Ot: oy ae ee oh respectively, where en oF =¢ 
for i x j, let F = oe i=1,2,..., n} be a collection of decision makers. Indexed class of HSS 
{Je Be : J > P(U),& € F}, where J = 01 x D2 x 03 X +++ X On is said to be HS class and it 
can be symbolized in such a form Dp. If, for any & € F, de = ®, the HSS de ¢ Oy. 


Example 3.2. Let R= {a = Line Interactive, b= Standby-Ferro, ¢ = Delta Conversion On- 
Line} be types of UPS (Uninterruptible Power Supply) is considered as universe of discourse. 
Let €, = efficiency, €2 = size, €3; = colour, distinct attributes whose attribute values belong to 
the sets ater eore Let 0) = {7 = Good, 72 = Very Good }, De = {73 = medium, 74 = small}, 
23 = {%5 = brown } and let F = {&,4,&} be a set of decision makers. If we consider HS sets 


Jo, 0,06 given as 


da = {((t, 73,75), 4, d}), (A, 74, 75), (2), (72, 73,75), (8, Eh), (42, 74, 75), (OP)F, 
de = {((t, 73,75), (5, 2h), (tH, 74, 75), {2}), (72, 73,75), (4, 2), (72,74, 75), {O})}, 


y 


63 = {(71, 73, 75) {é, G}), (41, 74, 75), {0}), (72, 73, 75), £8, OH), (72, 74, 75), {2}, 
then dp = {0q, V@, 03} is a HS class. Now let 
G1 = {((71, 73, 75), {@}), (71, Ta, 75), {4}), (72, 73, 75), {2 &}), (72, 74,75), {a}) }, 


go = {((H, 73,75), {2}), (71, FH, 75); {0}), ((F2, 73, 75), £0, 2), ((F2, 7, *5), {EH}, 
93 = {((t1, 73, 75), {0}), ((F1, t4, 75), {O}), (72, 73, 75), {%, Ef), (72, 74, 75), {A})}, 


is also HS class. Then HS classes can be written as {Iq, VE, I3},{gh, 9%, 93}. 


Definition 3.3. Let (Wt, J) and (@, ) be two classes of HS sets over the universal set # and 
@ respectively. Let ji : ft g and ¥: J — K be mappings. Then a mapping J = Chey) 3 
(Wt, J) + (G, K) is defined as for HS set (h, 8) in (Wt, J) and J(h, 8) is HS set in (¢, K) obtained 
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) 


as follows, For 8 € ¥(J) C K and  € ¢, then 


Usey-1(B)nk ita) (z), iff 1y)A4®, 
BERRA) = VAUB)ARZ® 8) 


if otherwise 


J(h,X) is called a HS image of HS set (h,). 

Definition 3.4. Let (Wt, J) and (@, A) be two classes of HS sets over the universal set # and 
@ respectively. Let ji : Fe g and ¥: J > K be mappings. Now, let (0,3) be a HS set in 
(6, K), where $ C K then J~1(£,) is a HS set in (9, J) defined as follows, 


’ UN(Q)(MZ) if ¥(a) ES 
0 


if otherwise 
where & € ¥~1(3) C J, then J! (0,3) said to be the HS inverse image of HS set (0,8). 


Example 3.5. Let x = {a = Line Interactive, b = Standby-Ferro, ¢ = Delta Conversion 
On-Line} and ¢ = {% = Microwave cum Convection, 7 = Conventional oven, 7 = Convection 
oven } be types of UPS (Uninterruptible Power Supply) and Ovens respectively, considered as 
universes of discourses. A Marketing manger wants to know the relationship between UPS and 
Ovens characteristics which will be more effective regarding his marketing. Let €, = efficiency, 
€2 = size, €3 = colour, €4 = price and b) = efficiency, by = colour, b3 = price, bs = size be 
the two types of distinct attributes whose attribute values belong to the sets an one Da, 54 and 

bod respectively. Let 0; = {7 = Good, % = Very Good}, 02 = {73 = medium, 
#4 = small }, 03 = {7 = brown } O4 = {77 = low price }. Similarly, 0, = {7 = Good, % = 
effective }, 05 = {74 = black, 7, = white }, 04 = {74 = low price } 05, = {74 = medium } 
and (R01 X 2 X 03 X 04) and (8,04 x Of x Of x 4) be the classes of HSS. Let ji: R > §, 
4:01 X09 X03 X04 9 Of XO X OS X O4, be mappings as follows ji(a) = 2, fi(b) = 9, (2) =9 


and 
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choose two HSS in (Re, i Moa MOex o4) and (¢, Dy x a) x Of x 1) respectively 


(AN x No x Ny x Ny) = 


{{71, 3; Ts; 77} — ®, 
{71, TA, Te 77} = {a}, 


{72, T4, Ts Tr} = {4, b, cyt 


(0,34 x So x YJy x $4) = 


II 
ns 

&c 
Rc 
—) 


{{71', 73", 75, 77} 
{*/, T', 7), Ty} = {yt 
For a HS set (h, Ne x No x N3 x Na) in (Re, an x De x D5 x Da), then the HS image can be written 
as (J(A, Ny x No x Ns x Na), 01 x =" x as x 24) is a HS set in (9, 0%, x of x Of x oy where 
(D1 x D2 x 03 X 04) = 9(N1 x No x Ng x Na) = {(4', 73, 75, 97’), (79', 44, 75", 77’))} obtained as 
follows: 


EE ee Ee eT ee ee ee ee ery 
A,Ny x Ro x N3 x N4),01 x 02 x 03 x Oa) (74 » 73,75 ,T7') 
Usey—1 (a5! 14! 05! 07K ctoxtang(@ ) (8) 


= ji Bh ay) URC HF.) JW 


i 
7 ; ( Uses (41,73,45,77),(F2,445%5,77)} ita) 8) 


(8(f, Ny x No x Nz x Na), O1 X D2 x 03 x D4) (4, 73, 45', 77’) = {9, ZF 
Similarly, 

(8(f, Ny x No x Nz x Na), O1 X D2 x 3 x O4)(’, HH, 5,77’) = {y, ZF 
Now for HS inverse image, 

I1((2,31 x So x S3 x Su), 1 x Oo x 63 x O4) (72, 74, 75,77) = {6,3 
where 


0; x Os x 03 x O,4 = y1(S, x 5 x ¥y x $4) = { (155. Tas T5577) F 


J) - (9, &) be a mapping and (h, X) and (¢,S) be the two HS sets in 
HS union and intersection of HS images of (h, 8) and (é,8) in (R, J) 


Definition 3.6. 0 : ( 


Re, 
(Rt, J). Then for 8 € K, 
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are defined as; 


Definition 3.7. 0 : (R, J) > (¢, K) be a mapping and (h,8) and (¢,%) be the two HS sets 
n (, J). Then for & € 


n (Wt, J) are defined as; 


ve: 
J, HS union and intersection of HS inverse images of (h,&) and (0, S) 


(0-14, 8) UI-1(E, 8)) (a) = 0-1 (A, N)(@) UIE, 8) (a), 
(9-1(B, 8) NV-1(G,$))(&) = 9-1, R)(@) NV-1(E, 8) (A) 
Theorem 3.8. Let 3: (Re, J) > (9, K) be a HS-mapping, let (h, N), (2, $) be the two HS sets 
n (Re, J) and with (hi, X;) as the family of a HS sets in (Re, Hy we have, 
(1) J(®) =o 
(2) VRIES 
(3) 3((h, 8) U (2,3)) = BAN) UVES). Generally, O(Ui(i, 8i)) = Ui0 (hi, Bi). 
(4) O((A,N) (2,3) D(A) 1 B(E,S). Generally, 3(A; (Ai, 8i)) CAO (Ry, Ns) 
(5) If (A,N)C(EZS) then J(h,X)CH(E, S) 


Proof. Here (1), (2) are trivial case, 
(3): for 8 € K, we have to prove 0((h, 
Take 


‘Src 
Ze 
eee 
C 
— 
koa 
Cc 
Mie 
= 
We 
eet 
II 
— 
wate 
— 
SKC 
wae 
& 
ZS 
— 
gsc 
d« 
all 
= 
Wc 
Nie: 


cai ug S(@)) £918) RUS) #4, 


where 


US) # 6, we have J((h, 8) U (,))(8) 


& 
=) 
Ze 


L.H.S: For a non trivial case when ¥~1( 


II 
Bex 
G 
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R.H.S: for non trivial case, we have 


(0) Vaeruayn H@)) 


“Gee 
— 
baie 
Ze 
C 
= 
gs 
dc 
wm 
= 
lI 
< 
a, 
C 
Q 
a 
3 
ie 
S 
=) 
Ze 
> 
— 
& 
\® 
Cc 
e 
or 
C 
2 
a 
3 
i 
3 
=) 
= 
Sc 
— 
=) 

a 
\ 
< 
a, 
C 

Q 
al 
3 
i 
S 
cS) 
Ze 
>t 


h(a) if &€ (N-S)N¥1(8) 
= fi} U4 6a) if & € (S— 8) N4¥-1(8) (8) 
h(a) Ue(&) if Ee (RNS) NF71(8) 


From [7] and[8| we have 3. 
(4): for 8B € K and y € Y we have to show that 


Voiuw,awyw 


2 f (Unexraynainsy S(O) fA NRG) 4 4, 


Where §$(&) = h(&) 9 &(a). 


For the non trivial case, ¥~!( 


& 
=) 
Ze 
23) 
Le c 
AK 
i 


_ ( jt (Gneyr(aynnF()) if ¥1(B)N (RNB) F *) : jt (Uxey-1(ynvela)) if 1B) 0 ( 
&, Otherwise, 
(10) 


rhe 
») 
Cee 
AK 
o 
Ke” 


Neglecting the trivial case, we obtain 
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; jt (Uney-r/aynnh()) if 7B) AX ZS 
é, Otherwise. 
Then 


B(R8)(B) = fe (Vaey rgynalil&)) Sit (Vaey1Qyrs(H) = 9E8)). 
This yields 5. In theorem [3.8] reversible of (2) and (4) does not hold. It can be explain in the 


following example. 


Example 3.9. From example [8.5| 


6 Z d(R) _ eee 73 ce 77’) = ty; Z}, (72', 73", ae 77’) = {y; ee (72', aie i 77’) = {y, Zh}. 
This indicate that reverse of (2) does not hold. Now we are going to show reverse of (4) also 
does not hold. For this purpose we choose two HS sets in (Re, ae ore 53 x Da) as 

Xi x No x Ns x Nu) = {(71, 73, 75, 77) = ®, (157A, T5377) = {a}, 


(71, 74, 75, 77) = fa, b, ae (72, 73,75, T7) _ {}}, 


(h 


(2,31 x So x S3 x S4) = {(A, 73, 75, 77) = {4}, (7, 44, 75, 77) = (6,3) 


Then calculations indicate that 


y y 


O(A, Ny x No x Ns Xx Na) 8(E, S41 x So x ¥5 x $4) Z H(A, Ni x No x Ns x Nu) n (2,34 Xx 5 Xx § 


Theorem 3.10. Let 0 : (Re, J) > (@, K) be a mapping, (A, 8) and (0,8) be the two HS sets 
in (R, J) and the family of a HS sets (h;,X;) in (R, J) we have, 


(1) 0-1() = 6 

(2) 0-1(g) =* 

(3) 3-1((A, 8) U (Z,8)) = 9-1(h, 8) UI-1(E,S). Generally, 9-1 (hy, Xi) = Uz" (Fis, Bi) 
(4) 0-1((B, 8) (2,8) = 9-1 (BN) NV-1(ES). Generally, 8-1(Ni (hi, Xi) = N9—1 (a, Bi) 
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oe 
So 
Re 
Qc 
ay 
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< 
ie) 
5 
< 
oO 
+ 
° 
ue) 
8 
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< 
oO 
ina) 
es 
e 
—— 
as 
> 
Ze 
C 
— 
Sd 
Cc 
Nee 
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Qc 
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> 
Ze 
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= 
Qc 
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Take 


where 


h x 
=i") ¢ £68) if B € (S—R) 
h(B)UK(B) if B € (SNR) 


h(3) if BE (R-—S) 
=ji*)¢ £6) if B e (S—R) 
h(B) ULB) if BE (SNR) 


Where 8 = ¥(a). From|12] and [13] we get (3). 


Now for (4) we take @E J 


This gives (4). 


dA) (€,8)(a) 
(3-1(5, 893) (a) 

it '(S(p(a))), pa) E RNS, 
ji (R(B) 0 €(B)), p(&) = B, 
ji (A(B))  e-*(E(B)) 
(71(A, 8) N1(E,8))(@) 


(12) 


(13) 
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(5): for & € J, consider 3~!(h, 8) (a) 


This yields (5). 


4. Statement of Problem 
4.1. Case study and Objective 


Before starting a new construction business, it is essential to understand the investment 
and work that is involved. Establishing a new business of any kind is never easy, and there 
are always things to consider that may or may not be at the forefront of one’s mind, even an 
experienced entrepreneur. Are you ready to launch your construction startup? Here are ten 


things that should be at the foundation of your plans. 
(1) Put Together a Solid Business Plan 

2 

3 


Find a Good Home Base for Your Startup 
Get Your Legal Ducks in a Row 

4) Understand Your Tax Requirements 

5) Understand Your Insurance Responsibilities 


6) Network With Suppliers, Business Associates, and Other Contractors 


8) Establish an Advertising and Marketing Budget 
9 


10) Access Small Business Loans and Financing 


( 
( 
( 
( 
( 
( 
( 
(9) Allocate Funds for Construction Software 


( 
(11 
(12) Stay involved. 


) 
) 
) 
) 
) 
7) Decide Whether to Hire Employees or Contractors 
) 
) 
) 
) Be organized. 
) 


and ten big challenges a construction company may face. 
(1) Lack of Skilled Workers 
(2 
(3 
( 
( 
( 


) Lack of Communication 
) 
4) Scheduling 
) 
) 


Unreliable Subcontractors 


5 
6 


High Insurance Costs 


Changing Minds of Homeowners 
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(7) Available Cash 
(8) Document Management 
(9) The Blame Game 

(10) Ever-changing Regulations 
A person decides to set a construction company. To tackle and plan for future he create an 
interrelationship between the Construction Companies of two major economic bodies in the 
world (China and U.S.) by considering multi-attribute function. For this, let X = {4 = Beijing 
Construction Engineering Group, 6 = Anhui Construction Engineering Group, ¢ = China State 
Construction Engineering } and Y = {% = Kiewit Corporation, j =Skanska Construction, % = 
Whiting-Turner Contracting Company} be the two universal sets of construction companies 
China and U.S respectively. Let #; = Communication, #2 = Leadership, <3 = Standard, and 
41 = Innovative, yg = Planning, y3 = Budget potency be the two distinct attributes whose 


attribute values belong to the sets Fi, Po: Es and Bis E's, E's respectively, where E, = 46, = 


Conciseness, €2 = Effective Communication, €é3 =Low level Communication }, Ey = {é4 


Learning agility, é; = Influence}, E3 = {és = High Standard, é7 = Feasible} and Ey = 


fel | = relative advantage, e’2 = compatibility}, EB’) = {el 3 = Corrective Action Plan, e/4 = 
Traditional planning}, Els = fel 5 = High budget}. 
Let i: X > Y,p: Ey x Ey x E3 3 E', x E'z x E’3 be mappings as follows ti(&) = %, u(b) = 9, 


u(é) = % and 


B(E1,€4,€6) = (&,&3, &5) 
D(E1,€4,€7) = (&, &4,&5) 
B(E1,€5,€6) = (&,&3,&5) 
B(E1, 5,7) = (€,&4,&5) 
B(E2, 4,6) = (€,€3, 65) 
B(Eo,€4,€7) = (&, 3, &5) 
B(E2,é5,6) = (€,&4,e5) 
B(E2,&5,€7) = (&, 4, &) 
B(E3,€4,€6) = (€,&3,&5) 
(Es, €4,€6) = (4,4, &5) 
B(E3,€5,€6) = (&,&3,&5) 
B(E3,&5,€7) = (&,&3,&5) 


respectively. This data can be encoded into two HSS from two classes (X , Ey x E> x E3) and 
(Y, BE! x Ely x E's) respectively, 
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(A, D1 x Le x Ug) = {(21, 4, &) {a, b}, (1, 4, é7) = {d}}, 
(A,O4 x Q x 3) = {(€, &5, &5) = 13}, (€,, &4, €5) = {z,y}; (€5, €4, &s) = {Z}} 


Then the HS image of (A, % x My x 43) under 


f: (X, Ey x Ep x E3) => (Y,E4 x Ely x E's) 
is obtained by 
F(A, 21 x Le x Bs) (&, &, &) = (8, H}, 
F(A, 31 x By x Bs)(2, 4, &) = {9} 
F(A, D1 x He x Bg) = {(&, &5,8) = {8,9}, (G1, G1, %) = (, 
which means that, with respect to the attributes values (Relative advantage, corrective action 
plan, High budget ), Kiewit Corporation and Skanska Construction is best companies. On the 


other hand, with respect to the attributes values (Relative advantage, Traditional planning, 


High budget ), Skanska Construction is best. Similarly, 
fo'(A, D1 x Ag x N3) (41, Ea, &e) = (4, Z} 
f(A, Oy x Qs x 3) (E1, E4, é7) — {a, b, ey 
f-+(A, dy x Ye x 3) = {(E1, a, &6) = (4, Eh, (€1, &4, er) = (4,0, F}, 


which means that, with respect to the attributes values (Conciseness, Learning agility, High 
standard), Beijing Construction Engineering Group and Anhui Construction Engineering is 
best companies. On the other side, with respect to the attributes values (Conciseness, Learning 
agility, Feasible), Beijing Construction Engineering Group, Anhui Construction Engineering 


Group, China State Construction Engineering is best. 


4.2. Comparative studies 


In the following, few comparisons of the initiated techniques with shortcomings are talked 
about to analyze the validity and predominance of the proposed technique. Additionally, we 
will compare our proposed mappings based hypersoft classes with nine other existing theories, 
Estruch and Vidal |5| give a fixed point theory for fuzzy contraction mappings over a complete 
metric space, Syau |8} demonstrated the idea of convex and concave fuzzy mappings, Karaaslan 
presented the soft class and its relevant operations, including the idea presented by Athar 
et al. the concept of mappings on fuzzy soft classes and mappings on soft classes, 
Alkhazaleh et al. introduced the notion of a mapping on classes where the neutrosophic 


soft classes are collections of the neutrosophic soft sets, Sulaiman et. al presented the idea 
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of mappings on multi-aspect fuzzy soft classes, Maruah et. al characterized the notation 
of mapping on intuitionistic fuzzy soft classes with some properties of intuitionistic fuzzy soft 
images and inverse images, Manash et al. gave the idea of composite mappings on hesitant 
fuzzy soft classes in 2016 and discussed some interesting properties of this idea. However, 
when the attributes are further sub-divided into attribute values then all existing theories are 
fails to manage. This need is fulfilled in the proposed mappings based hypersoft classes, see 
table 


TABLE 1. Comparison of the proposed mappings based Hypersoft classes with 


existing theories 


SN References | Disadvantage Ranking 
1 lack of sub- partition values of parameter inapplicable 
2 lack of sub- partition values of parameter inapplicable 
3 lack of sub- partition values of parameter inapplicable 
4 lack of sub- partition values of parameter inapplicable 
5 lack of sub- partition values of parameter inapplicable 
6 lack of sub- partition values of parameter inapplicable 
‘6 lack of sub- partition values of parameter inapplicable 
8 lack of sub- partition values of parameter inapplicable 
9 lack of sub- partition values of parameter inapplicable 
10 Proposed Lengthy and heavy calculations in decision- | applicable 

Method in | making 

this paper 


5. Conclusions 


In this study, an extension is made in the existing mappings of fuzzy and soft classes to HS 
classes. The presented work is more effective than the existing one. Some important proper- 
ties and results are discussed with the support of illustrated examples. The future extension 
can be made by developing such mappings on other hybrid structures of HS sets, topologi- 
cal structures, algebraic structures, graph theory, computer science, Electromagnetic analysis 
for detection, Rocket launch trajectory analysis, Materials science, Modeling of airflow over 
airplane bodies and Behavioural sciences. Moreover, a practical application and comparative 
study is given to show the validity and predominance of the proposed technique. This concept 
may help the researchers in decision-making problems by considering disjoints sets of attribute 
values rather than taking one set of parameters. 


Conflicts of Interest: The authors declare no conflict of interest. 
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Abstract: Hypersoft set is the generalization of soft set as it replaces single set of distinct attributes 
with their corresponding disjoint attribute valued sets. This makes the hypersoft set more effective 
and useful parameterized tool to tackle vague information. Rough soft set, the combination of 
rough set and soft set, is studied by many researchers to undertake imperfect knowledge through 
lower and upper approximations. But it is inadequate to deal with disjoint attribute valued sets. In 
this study, this meagerness is addressed and rough hypersoft set is conceptualized with the 
development of its lower and upper approximations. Moreover, some of its elementary properties 
and results are discussed. A new algorithm is proposed to solve decision making problems and is 


demonstrated with illustrative examples. 


Keywords: Soft set, Rough set, Rough soft set, Hypersoft set, Rough hypersoft set. 


1. Introduction 


Zadeh’s theory of fuzzy sets [1] is considered as mathematical tool to undertake many convoluted 
problems involving various uncertainties in different branches of mathematical sciences. But this 
theory is unable to solve these problems successfully due to the meagerness of the 
parameterization tool. This inadequacy is addressed by Molodtsov known as soft set theory [2] 
which is free from all such hindrances and appeared as a new parameterized family of subsets of 
the universe of discourse. Rough set theory [3-4] is assumed to be a novel mathematical device to 
tackle imperfect knowledge and vagueness through approximations. Rough soft set, a combination 
of soft set and rough set [5] was proposed to ensure the adequacy of rough set for parameterization 
purpose. This is achieved by developing lower and upper approximations for soft set. Rough soft 
set is studied by many researchers [6-11] through different approaches with applications in certain 


fields. The concept of hypersoftset asa generalization of soft set was proposed by [14]. Saeed 


Theory and Application of Hypersoft Set 193 


et al. extended the concept and discussed the fundamentals of hypersoft set such as hy- 
persoft subset, complement, not hypersoft set, aggregation operators along with hypersoft 
set relation, sub relation,complement relation, function, matrices and operations on hypersoft 
matrices. Mujahid et al. discussed basic ingrediants for topological structures on the col- 
lection of hypersoft sets. Moreover they introduced hypersoft points in different envorinments 
like fuzzy hypersoft set, intuitionistic fuzzy hypersoft set, neutrosophic hypersoft, plithogenic 
hypersoft set. Rahman et al. defined complex hypersoft set and developed the hybrids 
of hypersoft set with complex fuzzy set, complex intuitionistic fuzzy set and complex neutro- 
sophic set respectively. They also discussed their fundamentals i.e. subset, equal sets, null set, 
absolute set etc. and theoretic operations i.e. complement, union, intersection etc. Rahman 
et al. conceptualized convexity cum concavity on hypersoft set and presented its pictorial 
versions with illustrative examples. 

Having motivation from the work described in (5), [14], and [16], we develop rough hyper- 
soft set along with its some fundamental properties. Further we propose a new algorithm to 
solve decision making problems and apply it for the best choice of chemical materials. This 
work is the extension of existing concept in the sense that it deals with attribute valued 
sets instead of taking just attributes. 

The rest of the paper is organized as: Section 2 recalls basic definitions from literature. Section 
3 presents hypersoft upper set, hypersoft lower set and rough hypersoft set. It too presents 
some important properties and results of rough hypersoft set. Section 4 presents application 


of rough hypersoft set in decision making. Section 5 finally concludes the paper. 


2. Preliminaries 


Here we recall some supporting basic definitions and concepts from existing literature. 


Definition 2.1. A relation R on A # 9 is called an equivalence relation on A if it is 
reflexive, symmetric and transitive. We denote the equivalence class of an element y € S' with 


respect to R as R[y] and Rly] = {z € A: zRy}. 


Definition 2.2. A set W C Uis said to be a Rough set w.r.t R on U, if 


Br(y) = R*(y) — Rs(y) 
is non empty, where R.(y) = {y : Rly] C W} and R*(y) = {y : Rly] AW F O} are lower 
and upper approximation of W respectively. For more definitions and theoretic operations on 
rough set, see [2]. 


Definition 2.3. 
A pair (w, A) is called a soft set over U , if AC EF andy: A— P(U).We write wy for (7, A) . 


Theory and Application of Hypersoft Set 194 


Definition 2.4. 


Let w, and yg be soft sets over a common universe set U and A, B C E.Then we say that 


e wy isa soft subset of yp , denoted by wy C vz,if 
(1) AC E and 
(2) d(e) C yp(e)V EEA 
© Ya = 9B, denoted by Wa = yp if va C yp and vp C Wa. 
For more definitions and operations of soft set, see [2], and : 


Definition 2.5. Let wep be a soft set and R be an equivalence relation on U then we define 
+ eH 
two soft sets w : EF + P(U) and w : E > P(U) as follows. 


and 


> - 
for every e € E. We call the soft sets ~ and wy, the upper soft set and the lower soft set 
E E 


respectively. 


Definition 2.6. 
Se 

We say that a soft set wg, is a Rough soft set if the difference w \ q is a non-null soft set. 
EB 


Definition 2.7. 


> 
By a Crisp soft set, we mean a soft set Wz such that ~ = w. 
EE 


Definition 2.8. 

Let Aj,i = 1,2,...,n, are disjoint sets having attributive values of distinct attributes a;,i = 
1,2,...,n. Then the pair (7,G), where G = A; x Ap x A3 X ..... x A, and w: G— P(U), is 
called a hypersoft Set over U.We simply use wa for hypersoft set. 


More definitions and examples can be seen from (14]- [28]. 


3. Rough Hypersoft Set 


In this section, the lower hypersoft set ,upper hypersoft set and rough hypersoft sets are 


defined. Some important results are established too. 


Definition 3.1. Let R be an equivalence relation on U and Weq is a hypersoft set then we 
> e 
define two hypersoft sets vy : G — P(U) and w : G — P(U) as follows. 


b(e) = R(V(e)) 
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and 


> oa 
for every e = (€1, €2, €3,...;€n) € G. We call the hypersoft sets ~ and w, the upper hypersoft 
G G 


set and the lower hypersoft set respectively. 


Se 
Definition 3.2. We say that a hypersoft set aq , a Rough hypersoft set if the difference w \ 
G 


is a non-null hypersoft set. 


ae 
Definition 3.3. By a Crisp hypersoft set, We mean a hypersoft set Wa such that ~ = w. 
G G 


> 
Theorem 3.4. If wa is a hypersoft set over U the universe set then w Cwg@ Cw. 
G G 


Proof. Let we be a hypersoft set over the universe set U and R be an equivalence relation on 
U.Let x € R,(w(e)) then R[x] C w(e) for e € G and 
Riz] NY(e) = Riz] £0 
so « € R*(w(e)) which implies 
Rx ((e)) S R*(W(e)) (1) 

for every e € G. 
If zc € R,(v(e)) then Riz] C v(e) so x € (e) 
which implies 

R.(b(e)) S ve) (2) 
for every e € G. 
Let x € #(e), then x € R(x) NV(e) so Riz] Nw(e) 40 
which implies 

xe R*(¥(e)) 

therefore, 

ve) C R*(v(e)) (3) 
for every e € G. 
From equations (2). and (3). we have 


R(b(e)) S ole) C R*(We)) 


for every e € G. 
It follows that 


Hence the theorem. 
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Proposition 3.5. If ®g is the null hypersoft set and Xqg is the absolute hypersoft set, defined 
by ®g =0 and Xg =U for every e € G, then 


Proposition 3.7. If wo and yg be two hypersoft sets then 


> 

(1) de U ge = baU Ge 
ee 

(2) daNgva lc van ge 
é comm 

(3) baNyge = baNnge 


— ee r~——— 
(4) be U Ye CUGU Ye 


4. Application of Rough Hypersoft set in Decision Making 


Here a new decision making method is constructed for rough hypersoft sets to find w(e), 
the appropriate material on Wg w.r.t R on U and is illustrated by two examples. 
Let we = (w,G) be an original description hypersoft set over U. The proposed algorithm is 


as under: 
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TABLE 1. table for weighted hypersoft set we. 


U ey e€2 €3 €4 
Wi we w3 Wa 
my 1 1 0 0 
m2 1 0 1 0 
m3 0 1 0 1 
ma 1 1 1 0 
ms 0 0 1 0 
m6 0 0 0 1 
m7 0 0 0 1 
mg 0 1 0 1 


Step 1: Take we . PE 
Step 2: Compute v and v on Wa, respectively. 
Step 3: Compute tis Aifterdat values of || ¢(e;) ||, where 


| b(en| —| v(e)| 


rm: G 
| We) I= S$ xy 


where w; are assigned weights. 


Step 4: Find the minimum value || ¢)(e;) || of || #(e:) ||, where 


|| (ex) [|= mana; || Y(e:) || - 


Step 5: The output is || ~(ez) || . 


Example 4.1. Let U = {m,,m2,m3,m4,™m5,™m6,™7, mg} be the materials. A drug manufac- 
turing company intends to select the most relevant material for its specific molecule structure. 
The relevancy of these materials on basis of chemical properties is as under: 

mi ~ ™2, 

m3~m4,~ Ms, and 

me ~ M7 ~ mg, where ~ is for close matching. 

Now, there are four materials to be detected, denoted by G = {e1 = (€11,€21),e2 = 
(€11, €22),€3 = (€12,€21),€4 = (€12,€22)}, where G = E, x Ey with Fy = {e11,e12} and 
E2 = {21,22}. And their ingredients are represented by w(e1) = {m1,m2,ma4},V(e2) = 
{m1,m3, m4, mg}, w(e3) = {me2, ma, m5}, and w(e,) = {m3, mg, m7, msg}, respectively. 

Let following weights are allocated to each element in G: w, = 0.7 is for ey, 

wa = 0.5 is for ea, 

w3 = 0.6 is for e3, and 


w4 = 0.3 is for e4. Then we can find the table for weighted hypersoft set wq. According 
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oa 
TABLE 2. table for hypersoft set w. 
G 


‘= 
iss) 
Ee 
tov) 
wo 
® 
wo 
io 
ww 


& 
g 
i) 
€ 
w 
€ 
ny 


3 
el 
FP OO OFF Oo Fe 
a ee ee) 
rFPrrF oo Oo 2 © 


> 
TABLE 3. table for hypersoft set w. 
G 


io 
fay) 
Ee 
Oo 
wo 
igs) 
w 
ia) 
ww 


& 
€ 
nN 
= 
w 
iS 
iS 


3 
(nO 
rk Sk SR SR SR HR 
G0 OO FP FP FP fF 
ee Ee EF FE KF CO OC 


> oo 
to the proposed method and by definition (3.1), we have two hypersoft sets ~ and w over U. 
G G 
They are presented in Tables (6) and (5). 


Now by applying proposed algorithm, we have, 
| (ex) ||= 0.7, 

| (e2) ||= 0.75, 

| w(e3) ||= 1.0, and 

| w(e4) ||= 0.215. 


Thus the minimum value for || ~(e;) || is || ¢(e4) |]= 0.215. 
Which implies that ~(e4) is the most appropriate and suitable one. 


Example 4.2. A company is working on cancer drug discovery. Some materials can be checked 
against a target on the basis of molecular structure. The materials under consideration are 
given is the universe U = {M,, M2, M3, My, Ms, Mop, M7, Mg}. The Company wants to choose 


the best one material by observing following attributes of cancer 
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TABLE 4. Table for weighted hypersoft set we. 


U al e2 €3 €4 
Wi We ws wa 
M, 0.7 0.61 0 0 
M2 0.8 0 0.4 0 
M3 0 0.85 0 0.73 
M4 0.5 0.43 0.6 0 
Ms 0 0 0.51 0 
Mg 0 0 0 0.49 
My 0 0 0 0.8 
Ms 0 0.92 0 0.67 


a, = Tumors,ag = Fatigue. The attribute values of the attributes are given in the set 
correspondingly as, 
FE, = {benign(e;), malignant(e;2)}, 
E2 = {mild fatigue(e21), severe fatigue(e22)}. 
In terms of their chemical properties, we regard as M, ~ Mo, 
M3 ~ Ma ~ Ms, 
and 
Me ~ M7 ~ Msg, 
where ~ represent the chemical properties of these materials are equivalent. 


Now, Set of materials to be under observation, is 


G = {e1 = (e11, €21), €2 = (€11, €22), €3 = (€12, €21), €4 = (€12, €22)}, 


where each G = Fy x EF, with Ey = {e11,e12} and Ey = {e21, e22}.And each kind of material 
containing ~(e1) = {M1, Mo, Ma}, v(e2) = {M1, M3, Ma, Ms}, v(e3) = {Mo2, Ma, Ms}, and 
wW(es) = {M3, Me, M7, Mg}, respectively. 

Let allocation of weights by the company to each element of G: w ; = 0.81 is assigned to ej, 
w2 = 0.73 is assigned to eg, 

w3 = 0.66 is assigned to e3, and 

w4 = 0.45 is assigned to eg. 

Then we have tables (4) for weighted we. And é and Mi over U, are presented in Tables (j 
and (5). respectively. ‘Then we have : 


|| v(e1) ||= 0.2872, 
|| #(e2) ||= 0.1903, 
|| (e3) ||= 1.0372, and 
|| (ea) |]= 0.1422. 
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comet 
TABLE 5. Table for hypersoft set w. 
G 


U el €2 €3 €4 
Wi W2 W3 Wa 
M, 0.7 0.61 0 0 
M2 0.8 0 0 0 
M3 0 0.85 0 0 
M4 0 0.43 0 0 
Ms 0 0 0 0 
Me 0 0 0 0.49 
M, 0 0 0 0.8 
Mg 0 0.92 0 0.67 


U el €2 €3 e€4 
Wy we Ww3 wa 
M, 0.7 0.61 0.7 0 
M2 0.8 0.5 0.4 0 
M3 0.6 0.85 0.81 0.73 
M4 0.5 0.43 0.6 0.63 
Ms 0.67 0.3 0.51 0.5 
Me 0 0.7 0 0.49 
M, 0 0.65 0 0.8 
Mg 0 0.92 0 0.67 


Thus the minimum value for || ¢(e;) || is || ¢(e4) ||= 0.1422. 


This means that w(e4) is the expected material for the drug discovery of cancer disease. 


5. Conclusion 


In this study, rough hypersoft set is conceptualized with the development of its relevant 
lower and upper rough approximations. Some interesting results and properties are discussed. 
Moreover, an application in decision making is discussed with the help of illustrative examples. 
This work may help the researchers to extend the work for other fuzzy-like structures i.e. 
Interval-valued fuzzy, Intuitionistic fuzzy, Pythagorean fuzzy, spherical fuzzy, neutrosophic 
fuzzy etc. so that imperfect information may be handled properly with attribute valued 
sets through lower and upper approximations. The proposed decision making algorithm may 


further be applied to other daily life problems. 
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Abstract: Graph theory, soft computing and machine learning are being used in our daily life 
problems in the field of science involving mathematics, optimization and decision sciences. Zadeh 
introduced the idea of fuzzy set. This idea helped Kauffman to present the concept of fuzzy graph. 
Molodtsov presented the idea of soft set. Using this concept, Thumbakara et al. discovered a novel 
idea of soft graphs and Akram et al. discussed the fundamentals of soft graphs. Smarandache 
conceptualized the hypersoft set (HS) which is the generalization of soft set. Hypersoft set 
transforms single attribute function to multi-attribute function. In this study, the existing concept 
of soft graph is extended to HS-graph and some of its rudiments like HS-subgraph, not HS-graph, 
HS-complete graph, HS-tree, etc., are conceptualized with the help of graphical representation and 
illustrative examples. Moreover, some theoretic operations are discussed with generalized results 
on hypersoft set. This study will help the researchers in multi-dimensional fields involving artificial 


intelligence (AI), soft computing, graph theory and networking, data sciences, etc. 


Keywords: Soft set, Soft graph, Hypersoft set (HSS), Hypersoft graph (HS-graph), Hypersoft complete 
graph (HSC-graph), Hypersoft subgraph (HS-subgraph), Hypersoft tree (HS-tree). 


1. Introduction 


The world is full of uncertainties, complexities of incomplete network-based information with 
vague data. To deal with such kind of uncertain environment, there must be a tool which handles 
these kinds of problems very efficiently. To overcome this problem, Zadeh [1] introduced the idea 
of fuzzy set in 1965. This idea was motivated Kauffman, who presented the concept of fuzzy graphs 
using the notion of fuzzy set. Many researchers worked in this area and implement the new concept 
to solve real life problems. Poulik et al. [3-7] has many researches on bipolar fuzzy graphs in 


different environments and presented many applications in diverse fields of sciences. 
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Molodtsov |8| introduced a novel notion of soft set theory in 1999. He used the idea of soft 
set theory in several areas of mathematics including Riemann integration, theory of probability, 
Perron integration, smoothness of functions effectively. Maji et al. (9| presented fundamental 
study on soft sets including subsets, super set, equations and operations of soft set containing 
union, intersection, complement and more among others in 2003. Pei et al. described 
the relationship with information system and soft sets in 2005. Ali et al. presented some 
new operations including restricted union, restricted intersection and their basics characteris- 
tics in 2009. Babitha et al. described the concept of soft set relation, soft set function, 
equivalence soft set, ordering on soft sets, soft sets distribution, anti-symmetric relation and 
transitive closure in 2010. Nagarajan et al. studied the algebraic structure of soft set 
theory. 


There are lot of network applications in which the bulk of data is available but no tool 
gave the solution to the problem properly. To overcome this situation, Thumbakara et al. 
presented the concept of soft graph as a parameterized family of graphs. Having motivation 
from this work, Thenge et al. contributed further to soft graphs including tabular repre- 
sentation of soft graph, center, degree, radius and diameter of soft graph. Akram et al. 
explained the concept of vertex and edge induced soft graph. Ratheesh worked on soft 
graphs and their applications. 


Smarandache (18}, a pioneer of hypersoft set theory, generalized the soft set to hypersoft 
set in 2018. He introduced the hybrids of hypersoft set with other sets. Fundamentals of 
hypersoft set such as hypersoft subset, complement, not standard aggregation operators have 
been discussed in [79]. Rahman et al. defined complex hypersoft set and developed the 
hybrids of hypersoft set with complex fuzzy set, complex intuitionistic fuzzy set and complex 
neutro- sophic set respectively. They also discussed their fundamentals i.e. subset, equal sets, 
null set, absolute set etc. and theoretic operations i.e. complement, union, intersection etc. 
Rahman et al. conceptualized convexity cum concavity on hypersoft set and presented its 


pictorial versions with illustrative examples. 


Having motivation from (17, and [19], the novel notions of hypersoft graphs, hypersoft 
subgraph, not hypersoft graph, hypersoft complete graph and hypersoft tree are proposed. 
Moreover, some of their properties including intersection of hypersoft graphs, AND operation 
of hypersoft graphs are discussed with the support of graphical representation and illustrative 


examples. 
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The overview of this paper is presented as follow. 


In section 2, some fundamental definitions are recalled from literature to support main 
results. Section 3 presents the proposed concept of hypersoft graphs, their properties and 
some important results with their examples. At the end, the conclusion is presented in section 
4, 


2. Preliminaries 


Here some important and most relevant definitions are recalled from literature regarding 


soft sets and soft graph for clear understanding. 


Definition 2.1. 
Let y be the nonempty finite universe, J be the set of attributes and S C J. A pair (y,S) 
represents a soft set over x such that y: S > P(x). 


Definition 2.2. 


Let (71, 7) and (y2, A) be two soft sets over the same universe y. 


A soft relation R : (71, J) > (72, KX) is (R,L) with LC J x K, V (x,y) € L, there exist 
Rie, y) = A(e,y) such that (H,.J x K) = (1d) * (0, K). 


Definition 2.3. 
A soft relation (R,L) is called a soft function, if every element of domain of R, a unique 


element in range of R. If y1(x)Rye2(y) for « € J and y € K then it can be represented 
R(y(x)) = ya(y)- 


For more detail, see (8{[9}[11){2.2}. 


Definition 2.4. 

Suppose that G = (V,7) represents the graph such that V and T represents the set of vertices 
and edges of the graph respectively. Consider J C V such that J # ¢ and R is an arbitrary 
relation such that R C J x V. Let a soft set is (y,S), then soft graph of G is represented by 
(F, J), if the subgraph induced in G by F(x), implies that F(x) is a connected sub graph of 
G,VaeJ. 


Definition 2.5. 
Let G, = (Fi, Ki, J) and G2 = (Fo, Ko, K) be two soft graphs of G. Then G2 is a soft sub 
graph of G, if 

(1) dO Gd. 

(2) H2(x) is sub graph of Hi(x), Vae K. 
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Definition 2.6. 
Let (F, J) be a soft graph of G, then (F, J) represents the soft tree F;(x), Vx € J. 


For more definitions, see 17]. 


Definition 2.7. 

Let 71,72, 73,.-., Jn be n-distinct attributes whose attribute values belongs to disjoint sets 
Ji, J, J3,...,In respectively. A pair (7, J) is called a hypersoft set over the universal set y, 
where 7 is the mapping given by y: J > P(U) such that J = Jy x Jz x J3 x... In. 


Definition 2.8. 

Let (71, J) and (72, K) be the two hypersoft sets over the same universal sets y, where J = 
Jy xX Jo X J3 x... X Jn and K = Ky x Ko x K3 x... x Ky. Then the relation from (1, J) 
to (y2, K) is called a hypersoft set relation (R,W) or it is in simple way R is a hypersoft 
subset and it is denoted by (71, J) x (72, K), where W C J x K and V (x,y) € W , implies 
that R(x,y) = H(ax,y), where x = (21, %2,273,...,%n) € J and y = (y1, yo, y3,---5 Yn) € K and 
(H, J x K) = (11,4) x (92, K). 


Definition 2.9. 

Let (71,7) and (72, A) be the two hypersoft sets over the same universal sets x. Then the 
hypersoft relation from (71, J) to (y2, K) defined as 7 : (1, J) > (y2, K) is called a hypersoft 
set function, if every element of domain has unique element in range of y. If it is closed 


yi(x)ny2(y) ie y1(x) x ya(y) € 7 for x € J and y € K, then we can represent it in the form 
n(v(2)) = r2(y). 


For more detail regarding HS-set, see [18}/19}. 


3. Hypersoft Graph 


In this section, we presents the HS-set, HS-graph,HS-intersection, AND operation, HSC 
graph, HS-subgraph, HS-tree, and their fundamentals along with their related important re- 
sults. 

For this, let G = (V,7) be a simple connected graph. Let J = Jy x Jz x J3 x... X Jn and 
J, CV with i=1,2,...,.nas J; Jj =¢, 177. 


Definition 3.1. Let R be any relation with J and Vie. RC JxV. A function F : J > P(V) 


represented as 
Fiz)={yevlc Ry}, Vred. 


The pair (F, J) is hypersoft set over V. 
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FIGURE 1. HS-Graph 


Definition 3.2. A HS-set (F, J) of G over V, represents the HS-graph, if F(x) is a connected 
subgraph of G, induced by F(x), V x € J. A set containing all the HS-graphs is denoted by 
H,G(G). 


Example 3.3. Consider G = (V,7) as in figure We have V = {v1, v2, U3, U4, U5}. Let 
J={Ji, Jo}, K = {K3, Ka} and L = {£5} then 
Jx Kx L={(Ji, K3, Ls), (Jo, K3, £5), (J1, Ka, Ls), (Jo, Ka, L5)} 


=f a, a, Wa}. 


R= {(21, v2), (€1, 04), (£2, 11), (£2, V4), (@3, V2), (£3, U3), (4, V1), (4, v3) f 


Then 
F(&) = F(Ji, Jj, Jk) = {9 € VIERY @ 9 € {v4, 05, VE} } 
and 
F(x1) = F((A1, Js, Js)) = {v2, vs}, 
F(22) = F((Je, Ja, Js)) = {v1, vs}, 
F(x3) = F((Ji, Ja, Js)) = {v2, v3}, 
F'(x4) = F((J2, Ja, Js)) = {r1, v3} 


Hence (F, A) € H,G(G). 
Example 3.4. Suppose G = (V,7), represented as figure [2] We have V = {v1, v2, v3, U4, Us }- 
Let J = {vu}, K = {v2,u3} and L = {v4, us} then 
M=Jx kK x L={(v1, v2, v4), (v1, va, us), (U1, U3, V4), (V1, 03, U5) } = (21, £2, £3, £4}, 
R= {(a1; 09), (21,04), (@9,01), (wo, va), Ga, 0s), (w3, 05), (Ga, 1), (%4,0a)} CI KV 
Then 


F(x) = F((vi, v3, 0%) = {y € ViaRy > y € {vi, vj, un} 
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FIGURE 2. Not HS-Graph 
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FIGURE 3. Intersection of HS-Graphs 


and 
F (2x1) = F((v1, v2, va)) = {v3, v5}, 
F (x2) = F((v1, v2, vs)) = {v3, v4}, 
F (x3) = F((v1, v3, v4)) = {v2, U5}, 


F(x) = F((v1, v3, v5)) = {v2, va}. 
As F((v1, v3, v4)) = {v2, v5} is not a connected subgraph of G. Hence (F, J) ¢ H;G(G). 


Proposition 3.5. Every simple graph is HS-graph. 


Proof. Let G = (V,7) be asimple connected graph and T #4 Q. Let J = J, x Jo x J3 x... In, 
where J; = {v;} for i= 1,2,...,n and a function is F': J —> P(V) as 


F((v1, v2,---,Un)) = {y € V| y= end vertex of edge T} 


So, by definition of F(x), we have, for all x € A, (F, J) © H,G(G). 


Remark 3.6. The intersection of HS-graphs is not necessarily a HS-graph. 


Example 3.7. Let G = (V,7) as given in figure[2| Let J = J, x Jox Jz, where Jy = {v1}, Jo = 
{v2}, J3 = {us}. 


=> F((v1, v2, u3)) = {y € Via Ry © min{d(v1, y), d(v2, y), d(vs, y)} < 1} 
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FicurRE 4. AND operation of HS-Graphs 


> F((v4, V2, v3)) = {v1, V2, U3, U4, us}. 
Suppose the function H by 
A((v1, v2, v3)) = {y € VieRy = min{d(v1, y), d(v2,y), d(vs, y)} 2 1} 
> A((04, v2, v3)) = {v4, U5, ve}. 
=> F((v1, va, v3)) 0 H((v1, v2, 03)) = {va, Us } 
that is not induced connected subgraph of G. 


Proposition 3.8. Let (F, J) and (H,K) € S,G(G) with JAK £0, then F(x)NH(x) Vx € 
JO K is a connected subgraph of G such that 


(F, J) (A, K) € HsG(G). 
Proof. For (F, J) and (H, kK) € H,G(G), we have 
(F, J) 9 (A, K) = (x,C) ,C=JINKFAD 


and 
X(T) =FIT)OA(T), VTEC. 


Let x € C=JK. As considered by x(x) = F(x) N H(z) is a connected subgraph of G,, so 


(x, C) = (6, J) (4, K) € H,G(G). 


Example 3.9. Suppose G = (V,7) as in figure[4| Let J = J, x Jo, with J, = {ui}, Jo = {vo}, 
then J = {(v1,v2)} and kK = ky x Ko, with Ky = {v3}, Ko = {vs}, then K = {(v3, v4) }. 
Define a function F’ by 


F((x,y)) ={z €V|(@, y)Rz & 2 € {, y}}. 
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FIGURE 5. HS-Subgraphs 


Then 
F((v1, v2)) = {U3, V4, U5, U6}, 


F((vg, v4)) = {U1, v2, U5, V6}, 
F((v1, v2) A F((vs, v4)) = {v5, v6} 
which is not an induced connected subgraph of G. Hence (F, J) A (F, K) ¢ H,G(G). 
Definition 3.10. If (F, J) and (H, K) are two HS-graphs then (H, Kk’) be the HS-subgraph of 
(By. )5 at 
(1) AC 
(2) H(x) is a connected subgraph of F(x), Va e K. 
Example 3.11. Consider G = (V,7) as in figure [5] Let 
V = {v1, v2, v3, v4} 
and 
J=J, x Jo with J) = {v1, v2, 03}, Jo = {va}, then J = {(v1, va), (ve, va), (v3, va)} 
and 
K = ky x Ko, with Ky = {v1, v2}, Ko = {us}, then K = {(v1, v4), (v2, va)} C J. 
Now define function F' by, 
F((2,y)) = {2 € V| (2, y)Rz = d(z,t) < 1 where é € {x, y}} 
Then 
F((v1, va)) = {v1, v2, va}, F'((v2, v4)) = {v1, ve, v3, va} 
and 
F'((u3, v4)) = {U1, va, U3, va}. 


Suppose a function H : kK —>+ P(V) by 


H((z,y)) = {z € V|(z, y)Rz & d(z,t) <1, wheret € {z, y}}. 
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FIGURE 6. HS-Tree 


Then A((v1,v4)) = {v1, va} and H((v2, u4)) = {vo, v4}. 
Therefore (F, J), (H,K) € H,G(G). Here kK C J and H(z) is a connected subgraph of 
F(a), V « € K. Hence (H, K) is a HS-subgraph of (F, J). 


Definition 3.12. Let (F, J) be a HS-graph of G, then (F, J) represents the HS-tree V x € J. 
Example 3.13. Consider G = (V,7) as in figure [6] Here 
V = {v1, v2, U3, V4, U5}. 
Let Jy = {v1, v2}, Jo = {v3}, J3 = {v4, us}, then 
J= J, x Jz x Jz = {(v1, v3, V4), (V1, V3, U5), (V2, U3, V4), (V2, U3, U5) F. 
Define a function F’: J > P(V) by 
F(a) = (04; 07;%%) = {yg € Vieky = y € {05 07, uy} }: 


Then 
F((v1, v3, va)) = {v2, 05}, F((v1, v3, ¥5)) = {v2, va}, 
F'((v2, v3, v4)) = {v1, v5}, 
F'((v2, v3, Us)) = {v1, va}. 


Here F(x), Vx € J is a tree. Hence (FJ) is a HS-tree. 


Theorem 3.14. Every member in set of HS-graph of trees is also a HS-tree. 


Proof. Proof is straight forward. 


Remark 3.15. A HS-graph (F, J) is a HS-tree iff F(a) is acyclic. 


Definition 3.16. Let (F, J) be a HS-graph, then (F, J) represents a HSC-graph, if the graph 
F(a) is complete for all x € J. 
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FIGURE 7. HS Complete Graph 


Example 3.17. Consider G = (V,7) as in figure [7| 
Here V = {v1, va, v3, v4, U5}. Let Ji = {v1, v2}, Jo = {us}, Jz = {va}, then 


J= J, x Jz x Jz = {(v1, v3, v4), (V2, V3, V4) }- 
Then we have 
F:J,x 2x Jz > P(V) 
by 
F(a) = FG, 03,04) ={y € ViaRy eye {15 Vy Oe) fs 
Then F'((v1, v3, va)) = {v1, v3, v4}, F'((v2, v3, va)) = {v2, 03, v4}. Since F(x) is complete V x € 


J. Therefore (F, J) is a HSC-graph. 


Proposition 3.18. Let G = (V,7) is a complete graph. Then every HS-graph in H,G(G) is 
a HS'C-graph. 


Proof. Let (F, J) € H,G(G). Since it is known that every induced subgraph of a complete 
graph is complete, therefore F(x) is a complete subgraph for all x € A. Hence (F,J) is a 
HSC-graph. 


Remark 3.19. A HS-graph (F, J) is a HSC-graph iff F(x) is complete for all x € J. 


Example 3.20. For the same figure [7] if we take V and J same as example and define 
F:J-— P(V) as 


F(x) = F(vj,0;, ve) = {y € ViaRy = y € {vi, vj, Vet} (1) 

then 
F (v1, v3, v4)) = {v2, v5} (2) 
F'((v2, v3, v4)) = {v1, v5} (3) 


Since F'((v2, v3, v4)) is not complete, so (F, J) ¢ HsC(G). Hence the result is verified. 


Theory and Application of Hypersoft Set 213 


4. Conclusions 


Mathematical modeling, graph theory, soft computing, machine learning involves in our 
daily life which contains uncertain situations in the field of science. In this study, a novel 
concept of hypersoft graph is developed by extending the existing concept of soft graph. Some 
of the fundamentals, properties and the results of hypersoft graph and hypersoft tree are 
discussed with the help of illustrated examples and graphs. Further extension can be sought 
by introducing new hybrid structures with hypersoft graph. This novel concept is very useful in 
developing new algorithms in the fields of artificial intelligence, machine learning, networking, 
soft computing, etc. 
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Abstract: In this study, we redefine some operations on the neutrosophic hypersoft sets differently 
from the study [26]. Some basic properties of these operations have been characterized. Under the 
guidance of these redefined operations, we introduced the neutrosophic hypersoft topological 
spaces. Finally, on neutrosophic hypersoft topological spaces, we present simple concepts and 
theorems. 


Keywords: Hypersoft sets; neutrosophic hypersoft sets; neutrosophic hypersoft topology; neutrosophic 
hypersoft interior; neutrosophic hypersoft closure. 


1. Introduction 


Complexity typically emerges out of confusion in the context of ambiguity in the real world. The 
challenges of modeling ambiguous data are discussed regularly by researchers in economics, 
history, medical science and many other areas. Classical approaches do not necessarily provide 
fruitful outcomes and there can be various forms of unknown presence in these domains. The 
theory of probability has become an age-old and powerful method to work with ambiguity, but it 
can only be extended to the random process. After that, to solve unknown problems, evidence 
theory, fuzzy set theory by Zadeh [32], and intuitionistic fuzzy set theory by Atanassov [4] were 
introduced. But each of these hypotheses, as Molodtsov [15] points out, has underlying difficulties. 
The underlying explanation for these problems is the inadequacy of the theory’s parametrization 
device. 

The soft set theory was introduced by Molodtsov [15] as a new mathematical technique 
away from the parametrization inadequacy syndrome of multiple theories dealing with instability 
in 1999. This makes the theory, in practice, very convenient and easily applicable. Molodtsov [15] 
successfully applied many criteria for soft set theory applications, such as function smoothness, 
game theory, operational analysis, Riemann integration, integration and probability of Perron, soft 
set theory and its implementations are now evolving quickly in numerous fields. Shabir and Naz 


[27] introduced soft topological spaces and defined some notions of soft sets. In addition, 
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topological structure of the fuzzy, fuzzy soft, intuitionistic fuzzy and intuitionistic fuzzy soft sets 
have been defined by different researchers [2, 5, 7, 8, 12, 31]. 

The neutrosophic sets (NS) was first proposed by Smarandache [28, 29]. This is a classical set 
generalization, a fuzzy set, an intuitionist fuzzy set, etc. Later, a combined neutrosophic soft set 
(NSS) was proposed by Maji [13]. The topological structure on neutrosophic soft sets is defined by 
Bera [6]. Due to some structural deficiencies in the study [6], it was necessary to redefine some 
concepts on neutrosophic soft sets. Therefore, Ozturk et al. redefined operations on neutrosophic 
soft sets and studied neutrosophic soft topological spaces, neutrosophic soft separation axioms [3, 
19]. Also several mathematicians have developed their research work in various mathematical 
systems using neutrosophic sets, neutrosophic soft sets etc. [3, 11, 14, 16-21, 24]. 

Smarandache [30] generalized the notion of a soft set to a hypersoft set by replacing the 
function with a multi-argument function specified in the cartesian product with a different set of 
parameters. This idea is more versatile than the soft set and more applicable in the sense of decision- 
making issues. Hypersoft set structure has attracted the attention of researchers because it is more 
suitable than soft set structure in decision making problems. Although it is a new concept, many 
studies have been done and the field of study continues to expand [1, 10, 22, 23, 25, 26, 33]. 

Due to some structural difficulties in the study [26], some problems were encountered in 
defining the neutrosophic hypersoft topological structure. For this reason, there was a need to 
redefine some concepts. In this study, firstly, basic operations on neutrosophic hypersoft sets such 
as complement, union, intersection, AND, OR are re-defined differently from [26] study and several 
properties have been characterized. After that, by using these redefined operations, the 
neutrosophic hypersoft topological spaces are introduced. On this topological structure, operations 
such as open (closed) set, interior and closure are defined and their properties are examined. The 


study is supported by appropriate examples. 


2. Preliminaries 
Definition 2.1 [15] Let A be aninitial universe £ be aset of parametersand P(A) be the power 
set of A.A pair (F',£) is called a soft set over A, where F isa mapping F:£— P(A). In 


other words, the soft set is a parameterized family of subsets of the set A. 


Definition 2.2 [28,29] Let A be an initial universe and A be a neutrosophic set (NS) on A is 
defined as A={< x,7,(x),1, (x), F(x) >:x€A}, where TIF: A] 0,17. and 


O<T,(x) +1, (0) + F(X) $3". 


Definition 2.3 [9] Let A be an initial universe £ bea set of parameters and NP(A) denote the 
set of all neutrosophic sets of A. A pair (F',£) is called a neutrosophic soft set over A and its 
mapping is givenas F':£—> NP(A). 
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Definition 2.4 [30] Let A be the universal set and P(A) be the power set of A. Consider 
h,,h,,h,,....h, for k 21, be k well-defined attributes, whose corresponding attribute values 
are respectively the sets £,,£,,....£, with £, NE, =, for i#j and i,j €{1,2,...k}, then 
the pair (Y,£,x£,x..x£,) is said to be hypersoft set over A where 
hg Meg ee PA). 


Definition 2.5 [26] Let A be the universal set and NP(A) be a family of all neutrosophic sets 
over A and £,,£,,...,£, the pairwise disjoint sets of parameters. Let C, be the nonempty 
subset of then the pair £, for each i=1,2,...,k. A neutrosophic hypersoft set (NHSS) over A 
defined as the pair (Y,C, x C, x...C,) where Y:C,xC,x...C, > NP(A) and 
Y(C,xC, x...C,) = (1G, § % Fy) Os Lyra) > Fray) >) 
‘teA, GEC, XC, X..C, Cf XEnx% XE; } 
where T is the membership value of truthiness, J is the membership value of indeterminancy 
and F is the membership value of falsity such that Ty,,)(X),1y(q)(%), Fyyqy (4) € 0,1] also 


0ST) t+ Tyg) + Fay (0) $3. For sake of simplicity, we write the symbols 2 for 
£,x£,x..x£,, 3 for C,xC,x...C, and a@ foranelementof the set 5. 


Throughout this paper, we denoted the family of all neutrosophic hypersoft sets over the universe 


set A with NHSS(A,~) 


3. Some Basic Operations on Neutrosophic Hypersoft Sets 


In this section, operations of neutrosophic hypersoft subset, null neutrosophic hypersoft set, 
complement, union, intersection, AND, OR on neutrosophic hypersoft sets are defined differently 
from the study [26]. We also presented basic properties of these operations. 


Definition 3.1 Let A be the universal set and (Y,,53,),(Y,,53,) be two neutrosophic hypersoft 
sets over A.Then (Y,,53,) is the neutrosophic hypersoft subset of (Y,,3,) if 
Ie, Seas 
2, For Vaes3, and VxeA, Ta) s Ty (ay), Ty a) < F(a > 
Fy (a@(%) 2 F, va) (x). 
It is denoted by (Y,,3,) €(Y,,3,). 


Definition 3.2 Let A be the universal set and (Y,%5) be neutrosophic hypersoft set over A. 
(Y,53)° is the complement of neutrosophic hypersoft set of (Y,53) if 


Ta) = Kes) 
K(X) =1— Tyee (2) 
Fra) = Tray) 


Theory and Application of Hypersoft Set 218 


where VaeS and VxeA. Itis clear that (COR)e): =(Y,3). 


Definition 3.3 
1. A neutrosophic hypersoft set (Y,3) over the universe set A is said to be null 
neutrosophic hypersoft set if T,,.(x)=0, Ty,.,(9) =0, Fy(X) =1 where Vaes and 
Vx €A. It is denoted by Oca na x)° 
2. A neutrosophic hypersoft set (Y,3) over the universe set A is said to be absolute 
neutrosophic hypersoft set if Ty,,(W=1, Ty. Q)=1, Fy. (4) =0 where Vae Sand 
Vx €A. It is denoted by Vet x: 


Clearly, OC ey 2) = Vaya and 1° 0 


(Any 2) ~~ Any ®)* 


Definition 3.4 Let A be the universal set and (Y,,3,) and (Y,,%,) be neutrosophic hypersoft 
sets over A. Extended union (Y,,5,) U(Y,,5,) is defined as 


T; a)(X)if aE 3,-3, 
T((Y,,3,)U,,3,)) = T(t aE 3,-3, : 


max {T,,(a)(®)-Ty,ca)(4)} if ESAS, 


I @ (Oil @E3,-3, 
1(Y,,3,)U(Y,,.3,)) = Iya if aeS,-S, 


max {Ty a)(DsLr,a)(Dfife € 3,93, 


F, @ (aif a@€5,-3, 
F(¥,,3,)U(,,3,)) = F, ((@if ae 3,-3, 


min} F,, Fra hife E3,N3, 
Definition 3.5 Let A be the universal set and (Y,,3,) and (Y,,%,) be neutrosophic hypersoft 
sets over A. Extended intersection (Y,,5,) A(Y,,5,) is defined as 


TF, ay (Hif @€ 3, -3, 


T((Y,,3,)A,,3,)) = Ty(a)(X)if HES, -3, 


min{T;,a)(TraOhifa € 5,05, 
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I, @@it ae3,-3, 
HA SjACS)= ly @olt CES,=5, , 


min} TDL r,1)(Dpifa e 3,03, 


Fy @(aifa €3,-3, 
FL, 3DAGS))= Fy, @(@ifa eS, -3, 


max {Fay > Fray 2D} if ESAS, 


Definition 3.6 Let { Clhs 3,)li el \ be a family of neutrosophic hypersoft sets over the universe 
set A. Then 


UY, 5;) = (x sup] Tri) | Sup] Ty | inf | Fray) | ) :xe al. 
Y,, SJ= (x inf Eee ,inf Ecole ; sup| Fe a() | :xeE al 


Definition 3.7 Let A be the universal set and (Y,,3,) and (Y,,%,) be neutrosophic hypersoft 
sets over A.The"AND" operator (Y,,5,) A(Y,,5,) = Y(S, x 3,) is defined as 


T(L,,3,)A(1y,3,)) = min fT, (ey DsFryca}, 
1S Ar SS we (Dele ae} 
FUL, 3) AM, max | Fy, (a)()>Prscay(- 


Definition 3.8 Let A be the universal set and (Y,,3,) and (Y,,%,) be neutrosophic hypersoft 
sets over A. The "OR" operator (Y,,3,) V(Y,,3,) = Y(S, x3,)_ is defined as 


T((Y,,3,) v (1,,3,)) = max UT COMER ON eo) 2 
1,3) V Ly,5,)) = max {Ty Dele Dh 
F((1,,3,)V (1,,35)) = min PGs}. 


Proposition 3.9 Let (Y,,3,), (Y,,5,) and (Y3,5,) be neutrosophic hypersoft sets over the 


universe set A. Then, 
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2 (YL, S)Y[M,, 3) 00, 3,)] =[,. 3) VM, 3,)] 
(1, WLM, 3), 3,)]=[%,. SIAM, 3,)] 


3. ES) 0g Oy, 3) and Ol AO. a5) = 


A[C,.3,)UCr,3,)] and 
OTe VAG 95); 
Doan 2? 


be SS) Sates hee wg tand Cs ia, 5) Olerah): 


Proof. Straightforward. 


Proposition 3.10 Let (Y,,3,) and (Y,,5,) be two neutrosophic hypersoft sets over the 


universe set A. Then, 
1. CE ay OCr. Sa) 
2. [3S )ACG.35)] 


SO, 3S) 00n 3): 
"= (Y,,3,)° UC 


YS, 


Proof. 1. For all x <A, 
x,max eis Tees) ,max {Fees Tas cay} ; 


min | Fy ay (2)Fryia)} 


xmin {Fy (@)(%)s Fray} 1 max {Ty co) Fryca(}, 


Gwe ea uees ie 
max eae (x), Ty (a) (} 


Now, 
5) ={(sRoO1-Lw@te®)}, 
(Y,,5,)° = {(2 Poe (@)1-Ti@Tres)}- 
Then, 
| [amin {Fs Fryo Oh min {(1- Fy ),(I- Lyn), 
(T,,3,)° A(T, 3)" = 
max {Ty (a)(2sT rca} 
xpmin | Fy (@)(),Fy,)(D}1— max {ly ay DT rc}, 
max {Ty (a)()-Ty,ca(} 


Therefore, [(Y,,3,) U(%,3,)] =(%,,5,)° AY), 35). 


2. It is obtained similarly. 
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Proposition 3.11 Let (Y,,3,) and (Y,,5,) be two neutrosophic hypersoft sets over the 
universe set A. Then, 


1. [0 53)V 0,3) =o 
2: (ies) AS) = 


Proof. 1. For all x EA 
x,max een ste) ,max Otago): 


(G.5)VG.S, ys | 
min eae (2); Fy (a) (x)} 


eka raan xmin | Fy a) (0s Frya)D}o1—max {Ty (DLra}, 
ps JV CLs,S)) = 
max {T,(a)(8)-Tryca(} 


On the other hand, 
CSS eh e@Ol-yes@tns@)} 


(Y,,3,)° = {(x, Fy ®e1— Iya ®Teyias()}- 


xmin{F;, (0) Frey 2) otnin (1 Fy, ca) ())o(1- Fre} 


(Y,,3))° A(Y,, 3)" = 
max Tacos es) 


xymin {Fy ¢q)(%)sF,co)(2)})1—max [Py a (Dstr cy} 
max (Fetes (x), Te) 


Herice;| (1,3) Va) | Sass AC Ss) 


Example 3.12 Let A={x,,x,,x,} be an initial universe and £,,£,,£, be sets of attributes. 
Attributes are given as; 
£={4q,4.6} £,={6,0}, £,={a%,a} 
Suppose that 
C, = {4}. © ={9,.},C5 = {a0} 
D, = (6,6}.D, ={61.52},D3 = {a5} 
are subset of £, for each i=1,2,3. Then the neutrosophic hypersoft sets (Y,,<5,) and 


(Y,,3,) over the universe A as follows. 


Theory and Application of Hypersoft Set 222 


x, x, 


Ss ee ee ee 
08,05,0.2" 0.6,0.5,0.4' 0.3, 0.6,0.2: 


aX, xi 


018,02,05" 0.5,0.7,0.1 05,0504 


< (6.015%)o{ 


G25 1A, )of 


> 


xy x, 


a, > 
Sinby “osoans 0.5, 0.7, 0.4° 0.7,0.3, 02! 


Xx. Xx. 
5) ; 3___} > 
Gos ECT "0.3,0.4,0.5 “0:10.07 


? 


xy x; 


, a, ),{———_— , ———_. , ——— }> 
45 a ower 0.2,0.2,0.4 "02,0.1,07° 


x x 
,a,),{ 1, —*2__,__2__}> 
“2 0.8,0.4,0.3 0.7,0.4,0.2 0.4,0.6,0.8 
Xs Oe \> 
0.5, 0.2.06 "0.6,0.5,0.3 0.8, 0.3, 0.7 


S (6551+ )af 


x, x3 }> 
04,05,02" 0.7,0.3,0.8 0.6,0.1,0.5 


The union, intersection, "AND", "OR" operation of these sets are follows: 


< (655+0,),{ 


Xx. Xx. 
ey 
0.8,0.5,0.2 0.6,0.5, 0.4’ 0.3,0.6,0.2 


X, x 


09.02.01" 0.5,0.7,0.1 0.5,0.5,0.4 


X. Xx. 
at, )o{ 2 i__}> 
“ina eons 0.5,0.7,0.4° 0.7, 0.3,0.2 


< (6,0),0,)s{ 


> 


Xx. Xx 
< ((6,6,,@, of 2 : }>, 
inb2 ae ous "0.7,0.4,0.2' 0.4, 0.6,0.7 
Xx. xX 
as Coo tre a0 a : : }> 


0.5, 02, 0.6’ 0.6,0.5,0.3 0.8,0.3,0.7 


Xx; Xx. 
< ((6,6,,a,),{ 2 ; ee 
v2 TRC 0.7,0.3,0.8 0.6,0.1,0.5 


X, Xx. 
se il 2 2} >, 
46 amoses "0.2,0.2,0.4 0.2,0.1,0.7 


(1, S)JAMY,, 3) = 


Xx. Xx. 
<6, 6, @),{ Ss 3 eg 
nb, meoa0s "0.3,0.4,0.5 0.1,0.3,0.8 


Let’s assume (6,6,,.@) =a, (6,¢,,@) =a), (6,¢,,0,) =4;, (4,4,,@,) =a, in (Ys) 


and (6,6,,@,)=), (6.9,,@)=D,, (6,9,.%) =), (6,6,,%)=b, in (Y,,5,) for 


easier operation. 
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CGS IAL 


2°30) = 


*2 


Xx, 


(a, xb,ot 


yj 


1 
0.8,0.2,0.2 0.2,0 


2 


i) 


(a, x b, 


4 


2 


2°'o8.0.4,.03 0.6, 0.4, 0.4 0.3,0.6,0.8 


*3 


(a, xb3,f 


4 


se) 


0.5,0.2,0.6’ 0.6,0.5,0.4  0.3,0.3,0.7 


<3 


(a, xb 


4 


*2 


4°'94,0.5,.0.2 0.6, 0.3,0.8 ° 0.3,0.1,0.5 


v3 


(a, xd, of 


4 


4D 


0.8,0.2,0.5’ 0.2,0.2,0.4° 0.2,0.1,0.7 


s 3__}), 
.2,0.4 0.2,0.1,0.7 


}), 


}), 


), 


Ds 


» 


(a, xb 


4 


49 


24 0.8,0.2,0.5’ 0.5,0.4,0.2” 0.4,0.5,0.8 


*3 


(a, xb3,f 


4 


79 


0.5,0.2,0.6’ 0.5,0.5,0.3 0.5,0.3,0.7 


}), 


(a, xb 


4 


*9 


4°'94,0.2.0.5 °0.5,0.3,0.8 ° 0.5,0.1,0.5 


*3 


(a, xb, 


4 


*2 


0.6,0.2,0.5 0.2,0.2,0.4 0.2,0.1,0.7 


x3 


(a, xb, 


ae) 


2°'06,0.4,0.5 °0.5,0.4,0.4 0.4,0.3,0.8 


*3 


(a, xb 


Xx, 


1 
39 5,0.2,06 °0.5,0 


*2 


.5,0.4’ 0.7,0.3,0.7 


*3 


(a,xb,, 


1 
34 {‘0.4,0.4, 0.5°0.5,0 


*2 


-3,0.8° 0.6,0.1,0.5 


*3 


(ay xb,ot 


4 


1 
0.6,0.2,0.8° 0.2,0 


#0) 


.2,0.5°0.1,0.1,0.7 


3 


}), 


})). 


}). 


}). 


), 


), 


(a, xb 


4 


“2 


2°'56,0.2,08 °0.3,0.4,0.5° 0.1,0.3,0.8 


*3 


(ay xb3,f 


4 


*~2 


0.5,0.2,0.8 0.3,0.4,0.5 0.1,0.3,0.7 


Mie) 


), 


}), 


(ay xdyf 


0.4,0.2,0.8’ 0.3,0.3,0.8 0.1,0.1,0.7 


b 
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(a, xb, {4 “2 “3 __}y, 
0.9,0.5,0.1’ 0.6,0.5,0.4’ 0.3,0.6,0.2 
(a, x by, {4 a “3 __y), 
0.8,0.5,0.2’ 0.7,0.5,0.2’ 0.4,0.6,0.2 
xX, Dy x. 
(a, x b,,{ = 3 }), 
0.8,0.5,0.2’ 0.6,0.5, 0.3 0.8, 0.6, 0.2 
Ce a ae 7} 
0.8,0.5,0.2 0.7, 0.5, 0.4’ 0.6,0.6,0.2 
Xs x. 
(a, xb,,{ 2 a }), 
0.9.0.2,0.1° 0.5,0.7,0.1 0.5,0.5,0.4 
Xx. x. 
(a, xb,,{ 2 3 }) 
0.8.0.4.0.3" 0.7,0.7,0.1 0.5,0.6,0.4 
Xx, x. x. 
a, xb,, 1 > 2 3 3 A 
ae ‘O., 0.2,0.5’ 0.6,0.7,0.1 0.8.0.5.04” 
(a, x by, {4 * #39), 
2 <= 0.8,0.5,0.2 0.7,0.7,0.1’ 0.6,0.5,0.4 
(Y,,3) Vv (Y,,3,) = = 
(a, xb,,{ 2 3 }), 
0.9.0.4.0.1’ 0.5,0.7,0.4’ 0.7, 0.3, 0.2 
xX, x. x. 
b, ; , ; : : : 
a ae ‘og, 0.4,0.3’ 0.7,0.7,0.2 0.7,0.6.0.2” 
x x. 
(a, xb,,{ 2 3 }), 
WAY IG 0.6,0.7,0.3 0.8,0.3,0.2 
(a, xb, {——" * =), 
0.6,0.5,0.2’ 0.7,0.7,0.4’ 0.7,0.3,0.2 
(a, xb, ae *“s__)), 
0.9.0.2,0.1° 0.3,0.4,0.4’ 0.2,0.3,0.7 
xs X: 
(a, xb,,{ 2 2 }), 
0.8.0.4,03 ” 0.7, 0.4, 0.2’ 0.4,0.6,0.7 
x, Xx. x. 
a,xb,, 1 ‘ 2 ; = ; 
(4, xd, ‘Oe, 0.2,0.6’ 0.6,0.5,0.3 0.8.0.3.0.7) 
(a, xb, {4 ae “s__}) 


0.6,0.5,0.2’ 0.7, 0.4, 0.5’ 0.6,0.3,0.5 


4. Neutrosophic Hypersoft Topological Spaces 


Definition 4.1 Let NHSS(A,~)_ be the family of all neutrosophic hypersoft sets over the universe 
set A and tC NHSS(A,=).Then 7 is said to be a neutrosophic hypersoft topology on A if 
t, Oo ve y) and Fat y) belongs to 7 


2. the union of any number of neutrosophic hypersoft sets in Ee belongs to T 
3. the intersection of finite number of neutrosophic hypersoft sets in T belongs to T. 


Then (A,%,7) is said to be a neutrosophic hypersoft topological space over A. Each members of 


T is said to be neutrosophic hypersoft open set. 


Definition 4.2 Let (A,x,7) be a neutrosophic hypersoft topological space over A and (Y,3) 
be a neutrosophic hypersoft set over A. Then (Y,%3) is said to be neutrosophic hypersoft closed 


set iff its complement is a neutrosophic hypersoft open set. 


Proposition 4.3 Let (A, 2,7) be a neutrosophic hypersoft topological space over A. Then 


1. 0 Aner ®) and 1, Ane) are neutrosophic hypersoft closed sets over A 
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2. The intersection of any number of neutrosophic hypersoft closed sets is a neutrosophic 


hypersoft closed set over A 


3. The union of finite number of neutrosophic hypersoft closed sets is a neutrosophic hypersoft 
closed set over A. 


Proof. It is clear that the definition of neutrosophic hypersoft topological space. 


Definition 4.4 Let NHSS(A, ~)_ be the family of all neutrosophic hypersoft sets over the universe 
set A. 


Lite = 10, Age xpoly igs) then T is said to be the neutrosophic hypersoft indiscrete 


topology and (A,x,7) is said to be a neutrosophic hypersoft indiscrete topological space 
over A. 

2. If f= NHSS(A,~), then T is said to be the neutrosophic hypersoft discrete topology 
and (A,=,7) is said to be a neutrosophic hypersoft discrete topological space over A. 


Proposition 4.5 Let (A,2,7,) and (A,2,7,) be two neutrosophic hypersoft topological spaces 


over the same universe set A. Then (A,, TING, a) is neutrosophic hypersoft topological space 


over A. 


Proof. 1. Since Ure 1 s) €T, and Oo ve 1 €T,, then Ure 


22)? (Aggy, su)? (A >») »u)? Lia >) € qT ie) Ty 
NH NH NH 


2. Suppose that Cio) 


iel \ be a family of neutrosophic hypersoft sets in 7,7,. Then 
(Y,,3,)€7, and (Y,,3,)€7, for all ie/, so U1; 3) eT, and U1, 3) €T,. Thus 
UY; 5)) SENT 

3. Let {(1,,5))|i = Lk} be a family of the finite number of neutrosophic hypersoft sets in 7, 7, 
. Then (Y,,3,)€%, and (Y,,3,)€%, for i=1,k, so A(Y,,3,)e% and O(7,,3,) €F,. 
Thus UY;.5;) ET, AT. 


Remark 4.6 The union of two neutrosophic hypersoft topologies over A may not be a 
neutrosophic hypersoft topology on A. 


Example 4.7 We consider attributes of Example-3.12. 
T= ae. z)? Ves yer ®) mG Gretiy © ie 3,)} 
and 


=i vhosts tase 


Sm 
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be two neutrosophic hypersoft topologies over A. Here, the neutrosophic hypersoft sets 


(Y,.3,), (13.53,),(%3,3;) and (Y,3,) over A are defined as following: 


x Xx. 
< (6,6, : ; : 
(4,61 ACE 0.6,0.5,0.4 03.06.02) 


x Xx 
<(6,é,a : : 
(451 oR OL05 05,0.7,0.1'05,05,04" 


x Xx 
< (6,6,, ; : 
(4052 aeoaee 0.5,0.7,0.4 07,03.02) 


x Xx. 
< 955, ; 
(4x2 a Cra C RT} 0.3,0.4,05°01,03,0.7" 


x Xx 
< (6,6, ; ; , 
(4051 oansoronnsas ax08n” 


Xs ae 


0.8,0.5.0.3° 0.7,0.8,0.1 0.7,0.6,0.2 


£4,652), { ee 


(Y,,3,) = 
x, Xs 


<(é,6,, , 
(4 be oa eon" 0.8,0.8,0.3 07,0602) 
x Xx 
< GAs : 
(4 2 a) Shrenrney 0.6,0.7,0.3 0404.04". 


x Xx. 
S(6:E,8 we , 
(461%), "t3.06 0.4’ 0.6,0.6,0.2  0.4,0.5, 02) 
x, x; 


Se SisGs JA i 


08.0.2.05 0.6,0.3,0.1 0.3,0.7,0.8 


x x 
< : a es eee. See ee ? 
(60-42) (05 .6,0.2'06,0.2,05'0.7,03,02'- 


x Xx 
<(6,6,a ere 
(G62 dog 0.3,0.4’0.5,0.1,0.3'0.4,0.5, os) 


x Xx 
Sele a ; ‘ 
(4562 eases: 0.7,0.6.0.1°05.0.9,.04' 


x Xx 
<(6,6,a ? ; : 
(4561 “asorar 08.05,03'08,06.01 


< (6,5),@),{ . 7 he 


Xx. XxX 
< ° A, 2 3 x 
(4551 Nae 0.2’ 0.8,0.7,0.2’ 0.7,0.6, 02)” 
0.8, 0.5, 0.3’ 0.4,0.2,0.2’ 0.6,0.6,0.2 


een, See ee 
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Since (Y,,3,)U(V,,5,)¢ TU T,, then 7,U 7, is not a neutrosophic hypersoft topology 


over A. 


~ 


Remark 4.8 In the (Y,3) hypersoft set, ‘3 consists of the cartesian product set C, x C, x...xC, 


. If the parameters are selected from a single attribute set C, and the empty set from the other 


attribute sets while creating a neutrosophic hypersoft set, it is clear that the resulting structure will 
be a neutrosophic soft set structure. Neutrosophic hypersoft set structure is a generalized version 
of neutrosophic soft structure. Therefore, the neutrosophic hypersoft topological structure also 
provides all the conditions of the neutrosophic soft topological structure. (see Example-4.7) 


Proposition 4.9 Let (A,x,7) be a neutrosophic hypersoft topological space over A and 
a eee Si (F,,3,) € NHSS(A,=)\ = {[2.0(@))], 5 < :(Y,,3,) € NHSS(A, =) where 
Y(@) = {(x T, Oy Ors xe Al. Then 

Y; (a) (x) | al 


) 
ga 
a ee 
ale 


c 
Yj <2) ) 1..| 


define fuzzy soft topologies on A. 


Proof. 1. Oy xt €F PO O1LET, O,lert, and 0,ler, 


2. Suppose that {(¥,,3,jiel \ be a family of neutrosophic hypersoft sets in 7 . Then 
{[Fec0 | is a family of fuzzy soft sets in T,, {Fn | is a family of fuzzy 
! aeS Jie] : aeS) je] 
soft sets in 7, and [Fine] is a family of fuzzy soft sets in T,. Since T is a 
: aes Jie] 
neutrosophic hypersoft topology, then UY;.5;) €T . Thatis, 


U1, 3)) = H(sup[ co] .sup| Ty OO |. inf [Fo], eZ. 


iel 


Therefore, 


{sup[ Tro], et, 


sup[ Tine] fers 
Lo! ae) jel 


[PL Fea | | ET;. 
OES VET 
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3. Suppose that {(Y;, 3,)li = 1k} be a family of finite neutrosophic hypersoft sets in T. Then 


{[Frce wo] _ is a family of fuzzy soft setsin T,, hee co] = is a family of fuzzy 


Vc 
soft sets in T, and LF, ne), is a family of fuzzy soft sets in T,. Since T is a 
= 


JaeS ) 7 
neutrosophic hypersoft topology, then vr > 3;) €T . Thatis, 


A(Y,,5,) = (min F5)| ,min a. smax| Fy a(X)] } 2. eu 


i=l, 


Therefore, 


{min Eos ee 
{min] Fy oa) et, 


jin [Fw] | et. 


iel 
This completes the proof. 


Definition 4.10 Let (A,x,7) be a neutrosophic hypersoft topological space over A and 
(Y,3) € NHSS(A,=) be a neutrosophic hypersoft set. Then, the neutrosophic hypersoft interior of 
(Y,3), denoted (Y, 5)’, is defined as the neutrosophic hypersoft union of all neutrosophic hypersoft open 
subsets of (Y, 3). 


Clearly, (Y,3)° is the biggest neutrosophic hypersoft open set that is contained by (Y, 3). 


Example 4.11 Let us consider the neutrosophic hypersoft topology 7, given in Example 4.7. 
Suppose that an any (Y, 3) @ NHSS(A,~) is defined as following: 
< (6.61.04) 2 = 
0.9,0.7.0.1" 0.8,0.7,0.2 0.6, 0.8,0.1 
ap) eS 
0:9.0.6,0.2° 0.8,0.9,0.1 0.8,0.7,0.1 
BS) Ms 
0.9,0.8.0.1" 0.9,0.8, 0.2’ 0.8,0.7,0.2 
ap) be 


0.9,0.9,0.3° 0.7,0.8, 0.1 0.6,0.7,0.3 


}>, 


S (6.51, @)of }>, 


< (4, $310, )o{ Los 


$656.05) 


es 


Then (Any 2)? CEA eA) Feat @ ET) . Therefore, 


(Y, 3)" = Oo yer ®) (1,3) UY, 3,) = (12, 55,)- 
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Theorem 4.12 Let (A,x,7) be a neutrosophic hypersoft topological space over A and 
(Y,3) € NHSS(A,x). (¥,3) is aneutrosophic hypersoft open set iff (Y,3) =(Y, 3)". 


Proof. Let (Y,<3) be a neutrosophic hypersoft open set. Then the biggest neutrosophic hypersoft 
open set that is contained by (Y,3) is equal to (Y,3).Hence, (Y,3)=(Y, 3)’. 

Conversely, itis known that (Y,3)° is a neutrosophic hypersoft open set and if (Y,3) = (Y, 3)’ 
, then (Y,<) is aneutrosophic hypersoft open set. 


Theorem 4.13 Let (A,x,7) be a neutrosophic hypersoft topological space over A and 
(Y,.5,),(%,,5,) € NHSS(A, 2) . Then, 


US Seles. 


(O.sy2) =O eng (lsue2) = Mai 3) 
3. (SES) > 1,3," 61, 3,), 
4. [01,300 3)] =, 3, 0,3), 

) 


5 Cp MOS) cles eas). 


Proof. 1. Let (Y,,3,)'=(Yj,3,) . Then (V,,3,)e7 iff (¥,,3,)=(Y,,3,)° . So, 


nS) | Oya): 

2. Straighforward. 

3. It is known that (Y,,3,) C(Y,,.3,) €(Y,,3,) and (Y,,3,)° c(Y,,5,). Since (Y,,3,)° 
is the biggest neutrosophic hypersoft open set contained in (Y,,3,) and_ s0, 
(tes) Cts) 

4. Since (VY, 3)ACY,5,)CM%,3,) and (11,3) A(1,.5,) c(1,,5,) , then 


) 
[eS paca eOG.S) and. [ORs mys) e053) aad 2G 


On the other hand, since (Y,,3,) <(¥,,3,) and (Y,,5,)°<(¥,,35,) , then 
Ch) Ase 33) Oe 5 JO Sy) , Besides, 
[(Y,. 3) A(1,,3,)] <M. 5, A(Y,,35,) and it is the biggest neutrosophic hypersoft open 
set. Therefore, Chis) iss) 2 1S Thus, 
(ES ACs) sa br 

5. Since (Y,,3,)C(%,,3,)U(,,3,) and (¥,,3,)c(¥,,5,)U(M,,.3,) , then 
(5) Sl 2 yeOG.s)) “and sOGs) els Utes.) «- Therefore, 
(5) U0. 3 EO, SVG ST: 
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Definition 4.14 Let (A,x,7) be a neutrosophic hypersoft topological space over A and 
(Y, 3) € NHSS(A,=) be a neutrosophic hypersoft set. Then, the neutrosophic hypersoft closure 


of (Y,3), denoted (Y,53) , is defined as the neutrosophic hypersoft intersection of all 
neutrosophic hypersoft closed supersets of (Y,3). 


Clearly, (Y,<3) is the smallest neutrosophic hypersoft closed set that containing (Y, 3). 


Example 4.15 Let us consider the neutrosophic hypersoft topology 7, given in Example 4.7. 
Suppose that an any (Y,3) @ NHSS(A,) is defined as following: 


x Xx. 
< 95)5 ; ; 
(4061 Nero aes! 0.1,0.2,0.9'02,03,08 


x x 
< ? 4 2 4 ? 
w= es YSERA! 0.1,0.2,08°03,0.1,06" 


Xx. Xx. 
< ; ,a 2 3 
(656 DAG Oe 0.1,0.3,0.8 01,0208) 


Xx. Xx. 
< : a 2 3 
(469 Ge oaoe 0.1,0.5,0.6 020207). 


Obviously, Oorny 2)? Vaya 2? (Y;,%5,)° and (Y,,5,)° are all neutrosophic hypersoft closed 


sets over (A, 2,7) . They are given as following: 
OF =1 ies 


=0 
(Any =) (Any 2)? Any ®) (Any =) 


x Xx. 
<(ELE ol, ; d 
s6-@)l555403'020408'020504" 
x Xx. 
<(6,6,@, ; , 
a (4052 Mngt a 0.1,0.7,0.6 08.0303" 
(Y3,53)° = x x 
<(6,€é,a ; , 
(6561 Mazoans 05.0.8.0.6'0.2,0.7,0.7) 
x XxX. 
< (6,9),@),{ : 7 


0.4.0.7, 0.5’ 0.3,0.9,0.5 0.5,0.5,0.4 


x Xx. 
< a ee a ee ee ee ? 
(4561 950.3,0402,0.3,08'02,0.4,07" 
x Xx. 
<(6,6,,a St , 
| e959 95,08'01,04,07 04,0105 
(Y,, 34)" = Xx x 
(E60, at ’ 
(6.61 »)(97,0.3,06'03,05,08'01,04,08 
x Xx 
< (6,810) => 


0.3,0.5,0.8 0.2,0.8,0.4 0.2,0.4,0.6 
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Then Ova ve of (Vga Clie): (ly) : Therefore, 


(E205 is OC) Has 


Theorem 4.16 Let (A,X,7) be a neutrosophic hypersoft topological space over A and 


(Y, 3) € NHSS(A,=). (Y,3) is neutrosophic hypersoft closed set iff (Y,3) =(Y, 3). 


Proof. Straightforward. 


Theorem 4.17 Let (A,x,7) be a neutrosophic hypersoft topological space over A and 
(Y,.5,),(%,,3,) € NHSS(A, 2) . Then, 


2. (Qe sa 5 =O, ,,2) and ae ss) ae (CO) 
3 Gi ety Cand @ Ry ban (0 ee heme (Gere te Ds 
4, Ops) Vs) |=. 3) 0G), 


2 


Proof. 1. Let (Y,,3,) =(Y,,5,). Then, (Y,,5,) is a neutrosophic hypersoft closed set. Hence, 


(Y,,3,) and (¥,,5,) are equal. Therefore, | (Y,,5,) |= (1,,5;). 
2. Straightforward. 
3. It is known that (Y,,3,)C(V,.5,) and (Y,,3,)c(Y,,5,) and s0, 


(Y,.3,) €(Y3,5,) €(Y,,5,). Since (Y,,55,) is the smallest neutrosophic hypersoft closed set 


containing (Y,,3,), then (Y,,3,) <(Y,,3,). 
4. Since. (035) ey) UMS) and: Cl5,.35) CC.) OG s3,). 4 then 


(3) (e Ss) vss). sand ~ O23 )e(O 37003 5,)| and <a 
(ies) Ua Ss) el VS). 


Conversely, since CURB at OR) and GC Ret) aac Bes) ae then 


(1,5) 4%, 5,) €(%,,5,) U(V,,5,) . Besides, [(1,,53,)U(Y,,5,)] is the smallest 
neutrosophic hypersoft closed set that containing (Y,,3,)U(Y,,5,) . Therefore, 
SUES Wet. sw...) srhus: [OSU 5) =O OM as.) 


5. Since (Y,,3,) (13,35) €(%.3,) A(1,,5,) and [CY 3) A, 3,)] is the smallest 
neutrosophic hypersoft closed set that containing (YV),3,)A(Y,,5,) , then 
Kove lar@ bys) a etre Ours r 
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Theorem 4.18 Let (A,X,7) be a neutrosophic hypersoft topological space over A and 
(Y, 3) € NHSS(A, ). Then, 

1 [OD] =[aa'], 

2 OLS |= (06S) | 


Proof. 1. (1,3) = A{(V,,5,) €# (1), 5, 20,9} 
>(G)| =|a Ser OS) SCS) = 
WS) Er 3, 0G) =| G3) |. 
2. (1,3) SUG, BEeF(G Eco, a} 


c& 


= (Oss) aiid.) 220 Se s)}] 


Ys Si) Se Og) SCS} =O.) | 


5. Conclusions 


We re-defined neutrosophic hypersoft operations such as complement, null set, absolute set, union, 
intersection, "AND", "OR" differently from the study [26]. Providing de-morgan laws and other properties of 
these operations are demonstrated with various proofs and examples. Thus, operations on the neutrosophic 
hypersoft set structure are well defined. After that, by using these operations, we introduced neutrosophic 
hypersoft topological spaces, neutrosophic hypersoft open(closed) sets, neutrosophic hypersoft interior and 
neutrosophic hypersoft closure. Various properties of them have been studied. These are illustrated with 
appropriate examples. In the future, many topics such as compactness, continuity, connectedness and 
separation axioms can be studied on neutrosophic hypersoft topological spaces by considering this study. We 
hope this article will support future studies on neutrosophic hypersoft topological structure and many other 
general frameworks. 
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Theory and Application of Hypersoft Set 


The soft set was generalized in 2018 by Smarandache to the 
hypersoft set by transforming the function F into a multi- 
argument function. This extension reveals that the hypersoft 
set with neutrosophic, intuitionistic, and fuzzy set theory will be 
very helpful to construct a connection between alternatives and 
attributes. The Book “Theory and Application of Hypersoft Set” 
focuses on theories, methods, and algorithms for decision 
making problems. It also involves applications of neutrosophic, 
intuitionistic, and fuzzy information. Our goal is to develop a 
strong relationship with the MCDM solving techniques and to 
reduce the complexion in the methodologies. 
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